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PREFACE. 



The treatise which is now submitted to the public does not 

pretend to the merit of originality. All that has been attempted 

is to exhibit in a succinct, and as far as possible, popular form, 

ike present state of our knowledge on the interesting subject of 

which it treats. From this the sole exceptions are the theories 

of the expansive action of the steam engine, and of steam-boats. 

To the former has been added the consideration of the physical 

circumstances that were left out of view in the investigmtions of 

VA Watt and Robison; and the latter has been examined upon 

J^ principles, that, so far as the author is aware, although of fre- 

J quent application in other branches of practical mechanics, 

have never been taken into account in this particular case. 

Preparing the work for the American public, and as a sub- 
stitute for treatises either too expensive or too rare to be of 
frequent occurrence, the author has not scrupled to avail him- 
self of the labours of his European predecessors. The authors 
that have been most frequently consulted, are : Peclet, from 
whose Traiti de Chaleur much valuable matter has been drawn ; 
Farey and Tredgold ; while the researches of Stuart have been 
of great service in the compilation of the historical parts. 



The author has aho derived much information, from i 
friendly aid he has received in various ways from the most 
eminent manufacturers of the steam engine who were within 
hia reach. To the West Point Foundry Association, to ISx, 
Allaire, and Mr. 8abbaIon, of New-York, anil to Messrs. Rush 
and Muhlcnhurg, of Philadelphia, he takes this opportunity 
to return liis acknowledgments, for the liberal manner in which 
2 -their practical knowledge has been laid open to him. 

I Caplain Bunker, of the steam-boat President, and to 

■■ R. L. Stevens, he has alao been under obligation for the 
facts in relation to steam-boats, which he has adduced as the ' 
test of his theory. 

From Dr. McNiven, he has received important facts in rela- 
tion to the preliminary experiments of Fulton at Paris, and the 
first trial of his boat on the Hudson, at both of which that 
fentleman had the good fortune to be present. Had not the 
work been extended beyond the size originally intended, this 
communication would have been inserted entire in the appendix. 

Should the present work be successful in extending the 
knowledge of the principles and mode of action of the most 
important of the instruments by which the power of man in 
extended; and particularly, should it have an influence of 
bringing into use those precautions and apparatus by which 
the risk to which human life is exposed, may be lessened, the 
object of the author will be fully accomplished. 
I, aoth Aogust, isso. ( 
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TREATISE, &c. 



CHAPTER I. 

MECHANICAL AND PHYSICAL PRINCIPLES THAT ARE APPLI- 
CABLE TO THE CONSTRUCTION OF THE STEAM ENGINE. 

Division of J\faterial substances » — Forces which determine 
the state in which they exist, — Forms which all bodies are 
capable of assuming. — Difference in the mode of action of 
solids and fluids. — Forces and Motion. — Centres of Oram 
vitf/y Inertia^ Percussion^ Oscillation, and Ch/raHon."-^ 
Motions found in natural agents^ and in the parts of Ma" 
chines. — Mechanical properties of fluids. — Specific Crravi^ 
ties. — Pressure of the Atmosphere and Barometer. — Heat 
and its effects. — Thermometer. — Expansion of bodies by 
heat. — Specific Ileat. — Latent Heat. — Evaporation. — Ra^ 
diation of Heat. — Conducting Power of bodies. — Mode in 
which liquids carry off heat. — Cooling effect of gases^ — 
Distribution of Heat among the particles of a solid. 

The material substances with which we are acquainted 
are either Solid or Fluid, 

Fluids are again subdivided into two classes^ those which 
are incompressible, and those which are elastic : the former 
are called Liquids, the latter Aeriform Fluids. 

Elastic or aeriform fluids may either be capable of being 
readily condensed into the liquid form, and are then called 

2 



10 PRINCIPLES OP MECHANICS, 

vapours or steam ; or can only be reduced to that form with 
great difficulty, resisting in some cases all the means, 
whether mechanical or physical, that have hitherto been 
applied for that purpose. The latter are styled gases or 
permanently elastic bodies. 

The last named class may, however, when in chemical 
combination, assume both the liquid and solid form, and 
there are but few that have not, in recent experiments, 
been converted into liquids, by pressures of greater or less 
intensity. Still, however, although nearly the whole class 
are now known to be condensible, the dislinction between 
vapours and gases may be here retained with propriety, 
inasmuch as there is a wide difference in the manner in 
which they are applied in practical mechanics. 

2. Two great antagonist forces are concerned in deter- 
mining, in which of these mechanical states a body shall 
exist : these are .Attraction and Heat. To that species of 
attraction which takes place between the particles of one 
and the same body, whether it be simple, or compound, in 
its chemical character, the name of Attraction of Aggrega- 
tion has been given. When the intensity of the attractive 
forces, exerted mutually by the particles of a body, is 
greater than the action which heat exerts to separate them, 
the body will exist in the solid state ; when the action of 
attraction and heat exactly balance each other, the body is 
a liquid ; and when the repulsive force of heat predomi- 
nates, the body passes into the state of an elastic fluid. 

We know, however, of no perfect liquids ; in them all 
there remains a greater or less preponderance of the attrac- 
tion of aggregation. This is manifested by the tendency 
they have, when minutely divided, to form small globular 
masses, or drops. And hence the motion of their particles 
among each other, meets with a slight resistance, which is 
said to be due to the viscidity of the fluid. 
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S. It may be considered as a general rule, that all bodies 
in nature are capable of existing, when properly influenced 
by heat, in either of the three mechanical forms. Thus, if 
vre cannot, by mechanical or physical means, reduce the 
the lighter gases to the solid form, still we find them assum- 
ing it in chemical combinations ; while nearly all, even of 
the most refractory solids, have been melted and rendered 
volatile under the intense heat of the Galvanic Deflagrator, 
or of the Compound Blow-pipe. 

4. The general principles of mechanics apply equally to 
solid and fluid bodies, but are modified in their action by 
the peculiar nature of each. Solid bodies, having their 
particles firmly connected together, act as if all the matter 
they contain were collected in a single point. ^ When the 
body presses merely by its own weight, or when the motion 
is rectilineal, this point is the Centre of Gravity, or of Iner- 
tia; if the body oscillates around a fixed point, it is 
the Centre of Oscillation or Percussion ; and when it re- 
volves around an axis, it is the Centre of Gyration. The 
properties of these points, along with the general principles 
of motion, and the causes that produce it, are of constant 
value in considering the structure of the steam-engine and 
its parts. And although these are to be found in all books 
on the theory of mechanics, it has been considered proper 
to recapitulate them in a succinct manner, in order that 
they may be referred to in the course of the work. 

5. The cause which would tend to set a body in motion, 
whatever be its nature, is called a force. 

A body moves in the direction of the force impressed, and 
with a quantity of motion equal to the intensity of the force. 

A body set in motion by a force and then abandoned to 
itself, would continue to move uniformly forwards in a 
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13 PRINCIPLES OF MECHANICS. 

straight line^ were not its direction and the intensity of its 
motion to be changed by the action of other forces. Thus, 
near the surface of the earth, the friction of other bodies, 
and the resistance of the air, act continually to retard and 
finally destroy the motion of bodies, while the attraction of 
the earth constantly tends to change the direction of the 
motion, and bring the body back to the surface. 

When a body is set in motion by a force which acts du- 
ring the whole continuance of the motion, it will still de- 
scribe a straight line, but the spaces described in equal 
times will gradually increase. If the folt^ act with equal 
intensity upon the body, whether it be in rest or in motion, 
the motion is uniformly accelerated, and the force is svid 
to be constant. All forces that act continually, whether 
constant or not, are called accelerating forces. 

When more than one force acts upon a body at the same 
instant of time, the direction and intensity of the motion 
will depend upon the joint action, and we may imagine it 
to be the effect of a single force, whose direction and in- 
tensity correspond with the motion given to the body. 
Such a force, which, were the forces that really act with- 
drawn, would produce the same effect that they do, is 
called their Resultant ; the forces that it would thus iden- 
tically replace are. called the Components. 

.The resultant of two forces that act in the same straight 
line, and in the same direction, is equal to their sum ; if in 
the same straight line, and in opposite directions, it is equal 
to their difference : generally, the resultant of any number 
of forces acting in the same straight line is equal to their 
algebraic sum, the difference of direction being denoted by 
the use of the positive and negative signsl 

The resultant of two forces whose directions are inclined 
to each other, and which meet in a point, is represented in 
magnitude and direction by the diagonal of a parallelogram 
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whose sides represent the direction and magnitude of the 
forces. The resultant of three forces is found, by taking 
first the resultant of two of them, and then combining this 
resultant with the third. The resultant of three forces thus 
found may be combined with a fourth, in order to find the 
resultant of four^ and so on for any number of forces. 

When in a machine a force acts obliquely, no more of 
the force is effective than that, which would be a compo- 
nent of the force in the line of direct action ; the other 
component is a loss of power, so far as the mechanical ef- 
fect to be prodtieed is concerned. It is, however, in gene- 
ral worse than a mere loss of power, for the whole of the 
force decomposed in this last direction acts upon the ma- 
chine itself, and generally to wear away or dislocate its parts. 
Motions are capable of being resolved or decomposed in 
the same manner as forces, and the investigation may in 
this way be extended to the case of forces that continue to 
act during the whole duration of the body's motion. 

A motion which grows out of the combination of two 
other oblique motions, is in the direction of the diagonal of 
the parallelogram whose two sides represent the magnitude 
and direction of the two forces, and the intensity of the 
motion is represented by the magnitude of the diagonal. 
When two oblique forces act, one of which abandons the 
body, and would thus produce an uniform motion, while the 
other continues to act during the whole duration, we con- 
ceive the motion to be divided into a great number of very 
small portions, during each of which the motion and direc- 
tion remain constant : the body would then tend to go on 
in a straight line^ at thef end of each of the small intervals 
in which the small portions of the motion are performed, 
but is, during each of them, deflected into the diagonal of 
a parallelogram by the active force. In this way a polygon 
^ is formed, which, as the sides are inappreciably small, coin- 
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cides with a curve. When, therefore, two motions oblique 
to each other are combined, one of which is uniform and 
the other accelerated, curvilinear motion is the conse- 
quence. 

If two accelerating forces act, in which the rate of accel- 
eration is the same, the motion is rectilineal ; but if it be 
different, the motion is still curvilinear. 

When two parallel forces act upon a body, the resultant 
divides the line that joins the points to which the forces are 
applied, into parts that are inversely proportioned to the 
intensity of the two forces, and the resultant is equal in 
magnitude to the sum of the forces. The resultant of three 
such forces is found by taking first the resultant of two of 
them and combining it with the third ; this may again be 
combined with a fourth, and so on to any number. 

The resultant of any number of parallel forces continues 
of the same intensity, and passes through the same point, 
whatever be the direction of the forces ; hence it is called 
the Centre of Parallel Forces. When the body is moving 
forward in a straight line, under the action of forces other 
than gravity, it is called the Centre of Inertia ; when the 
body is acted upon by gravity, it is called the Centre of 
Gravity. 

6. By gravity, or the attraction of gravitation, is meant 
that force, by virtue of which all bodies fall towards the 
earth, in lines perpendicular to its surface. Although 
these directions are neither absolutely parallel, nor the 
forces, at different parts of the earth, or different distances 
from its surface, equal ; still the convergence of the lines is 
so small, and the variation so slow, that there is no impropri- 
ety in considering every particle of the body as acted upon 
by an equal and parallel force. The resultant of all these 
forces is the Weight of the body, and its place of action is 
the Centre of Gravity, 
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When the centre of gravity is supported, the body is 
supported also ; when the centre of gravity is not support- 
ed, the body will fall until the centre of gravity reaches the 
lowest possible point. The supporting force may be ap- 
plied to the centre of gravity, or it taay act at a point 
vertically above, or vertically beneath that centre. In the 
first case the position of the body is indifferent, and it will 
remain at rest, however placed around the point of support; 
in the second case, the body, if once disturbed, will fall or 
move around the point of support, until this be vertically 
above the centre of gravity ; in the third case, if the body 
be disturbed, it will oscillate until it return to rest in the 
position it originally held. 

The centre of gravity of a straight line bisects it. 

The centre of gravity of a cylinder, or of a spindle of 
syinetrical form, bisects the axis. 

The centre of gravity of a circle corresponds with its 
centre, as does that of a sphere. 

The centre of .gravity of a triangle is in the line which 
joins its vertex to the point that bisects its base, and at the 
distance of two-thirds of this line from the vertex. 

When the centre of gravity of a triangle is known, that 
of a quadrilateral figure may be determined by dividing it 
into two triangles, and finding their respective centres of 
gravity, whence the common centre may be determined, as 
it will divide the line that joins the two, into parts inversely 
proportioned to the size of the two triangles* The centre * 
of gravity of a pentagon is found by dividing it into three 
triangles, and thus for any polygon whatsoever. 

The centre of gravity of a triangular pyramid is in the 
line which joins the vertex of the pyramid to the centre of 
gravity of the base, and at a distance of three-fourths of this 
line from the vertex. 

When the centre of gravity of a pyramid is determined 
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16 PRINCIPLES OF MECHANICS* 

we have the means of finding that of any solid body bound- 
ed by plane surfaces, for it may be divided into triangular 
pyramids. 

The centre of gravity of a solid cone is in the line which 
joins its vertex to the centre of its base, and at the distance 
of three-fourths of that line from the vertex. But the cen- 
tre of gravity of the surface of a cone is at the distance of 
two-thirds of that line from the vertex. 

The centres of gravity of an ellipsis and an ellipsoid of 
revolution correspond with their respective geometric cen- 
tres. 

When a body is attached to a fixed point and oscillateSi 
the action is no longer such as would take place if the 
whole of the matter were collected in the centre of gravity, 
but the point, in which, if all the matter were collected, 
the action would be the same as actually takes place is 
fkrther from the place of suspension ; this point is called 
the centre of oscillation. 

The centre of oscillation of a straight line is distant two- 
thirds of its length from the point of suspension. 

The centre of oscillation of a triangle is at a distance of 
three-fourths of its height from the vertex. 

The centre of oscillation of a cone, right angled at the 
vertex, is in the middle of the base. 

The centre of percussion is that point in a striking body, 
at which the whole of the motion woidd be communicated 
to the body struck. 

When the striking body moves round a fixed point, the 
centre of oscillation an J centre of percussion are identical. 

A body suspended from a fixed point, and oscillating un- 
der the action of gravity, is called a Pendulum. 

The Centre of Gyration is that point in a revolving body 
in which if all the matter were collected, the quantity of 
rotary motion would remain the same as before. 
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The centre of gyratidn of a straight line, moving around 
an axis passing through one of its extremities, is at a dis- 
tance from that axis, which bears to the length of the line 
the ratio of one to the square root of three, 1 : ^i. 

The distance of the centre of gyration of a circle or 
circular sector from its centre of rotation and curvature, 
is to the radius of the circle, as one to the square root of 
two, 1 : ^% 

' The motions which we find in the parts of machines, and 
in the great natural agents that are employed to propel 
them, are either rectilineal or rotary. Rectilineal motion 
may be either continuous or reciprocating, and rotary mo- 
tions tnay in like manner either go on continually, or the 
moving points may oscillate within certain limits, and thus 
reciprocate. 

Among thesie four species of motion, taken by pairs, 
there are ten possible combinations, and these might there- 
fore occur in the changes which a machine makes upon the 
original motion of the moving power, or which one part of 
a machine causes in the motion of another ; but eight of 
these combinations, however, are to be met with in practice. 

a. A continuous rectilineal motion is sometimes convert- 
ed into another continuous and rectilineal motion, in an 
opposite direction. 

h. A continuous rectilineal motion is sometimes changed 
into a continuous rotary motion, or, 

e. Ihto a reciprocating rotary motion, 

d. A continuous circular motion is sometimes changed 
into an alternating teotilineal motion. 

e. A continuous circular motion is sometimes changed 
into another continuous circular motion, in an opposite 
direction, or, 

/ Into a reciprocating circular motion. 

3 



16 PRINCIPLES OF MECHANICS. 

g. A reciprocating rectilineal motion is sometimes 
changed into a reciprocating circular motion. 

A. A reciprocating circular motion is sometimes changed 
into another reciprocating motion in an opposite direction. 

8. The particles of fluid bodies, having no, or at most an 
insensible, attraction of aggregation, act independently of 
each other. Hence, we cannot refer the motion of a fluid 
mass to either of the Centres of which we have spoken, 
but each particle moves freely under the forces that are 
impressed, whether they act immediately upon it, or 
through the intervention of the adjacent particles. 

Fluids thus transmit any force applied to one of their 
surfaces equally in all directions ; and if a fluid be in- 
closed in a vessel, and a force act upon any portion of its 
surface, as by means of a piston perforating one of the 
sides of the vessel that contains it, the pressure upon every 
remaining portion of the vessel will be equal, upon an 
equal surface, to that acting upon the piston : thus, if the 
piston be a square inch, and be acted upon by a force equiv- 
alent to a pound, every square inch of the surface of the 
vessel will also have to sustain a pressure equivalent to a 
pound. 

When a fluid is kept in equilibrio in an open vessel, by 
extraneous forces, these forces must act perpendicularly 
to the uncovered surface of the fluid, and if the fluid be 
acted upon by gravity, its surface must thereiFore be hori- 
zontal, or perpendicular to the direction of gravity. In a 
small vessel, the surface is a horizontal plane, inasmuch as 
the forces may be considered as acting in parallel lines, 
but in large masses of gravitating fluids, as the ocean or 
great lakes, the surface becomes parallel to the general 
figure of the earth. 
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Any line drawn upon such a surface, or parallel thereto, 
«s called % level line, or more simply, a Level. 

When a gravitating fluid is placed in a bent tube, or in 
vessels communicating at bottom, it rises in the two branches 
of the tube, or in the several vesaels to the same level. 
And if a pipe be inserted in a close vessel, the pressure on 
the sides of it will be proportioned to their surface, and the 
height of the fluid in the pipe. If the fluid in the pipe be 
acted upon by some extrinsic force, the action will be trans- 
mitted to the sides of the vessel, and the whole pressure upon 
them will be as much greater than the pressure upon the 
fluid in the tube, as the surface of the vessel is greater than 
the area of the tube. This principle has been applied to the 
construction of an instrument, in which a small force, acting 
through the intervention of a liquid, is made capable of ex- 
erting an intense pressure. It is called the water-press 
pump, or, after the name of the inventor, Bramah's press. 
The pressure of a gravitating fluid upon a horizontal base, 
is not proportioned, as in solid bodies, to the mass or 
weight of the fluid, but to the surface, and the height of the 
level surface of the fluid above the base. The measure of 
such pressure is the weight of a parallelopepid of the fluid, 
whose base is equal in area to the base of the vessel, and 
whose altitude is equal to the depth of the fluid. It is there- 
fore the same, whatever be the capacity or shape of the 
vessel, provided the area of the bottom, and the depth of 
the fluid remain constant. 

Upon surfaces that are not horizontal, the measure of 
the pressure of a gravitating fluid is the weight of a paral- 
lelopepid of the fluid, whose base is equal in area to the 
surface pressed, and whose altitude is equal to the depth of 
the centre of gravity of that surface beneath the level of 
the fluid. 
. Although the pressure upon a given surface depends 



so PRIIfPIFLES OF MEC^ANIC3• 

upon the poaition of its centre of gravity, yet this is not the 
point to which the resultant of the bydrostatio pressure is 
applied. This last point is called the Centre of Pressure) 
and it coincides with the point which would be the centre of 
oscillation of the surface. Hence, in the calculations of the 
strength of the sides of vessels, or of walls to contain masses 
of flmds, the resultant of the resistances they oppose, must 
pass through this point, and be at least equal to the hydro- 
static pressure of the fluid. 

When a body is placed in a fluid whose weight is less 
than that of an equal bulk of the fluid, it lises and floats at 
the surface, and as much of it is immersed as displaces a 
mass of the fluid whose weight is equal to its own- 
In general, if any solid body be placed in a fluid, it will» 
if lighter, rise to the surface, if heavier, nnk to the bottoniy 
and the force with which it will rise or sink, will be equal 
to the difference between its own weight and the weight of 
an equal bulk of the fluid. Hence, a body inuaeiaed in a 
fluid loses as much of its weight as is equal to the weight of 
a mass of fluid of equal bulk. 

Were the particles of flmds to move independently of 
each other, they would issue, from an orifice in the bottom 
or side of a vessel that contains them, with the ^ velocitj: a 
falling body would acquire in descending from the sur&oa 
of the fluid to the level of the orifice, and the section of 
the stream would be equal to the area of the orifice, and of 
the same size every where. But in consequence of the 
mutual action of the particles, the stream in passing through 
an orifice, cut in a thin plate, does not continue of the same 
area with the orifice ; it is at first contracted, and if the 
orifice be circular, the place of greatest contraction is at a 
distance from the vessel, equal to the radius of its orifice ; 
the shape of the jet is a truncated cone, whose greater base 
m equal to the area of the orifice, and whose lea^Bt bears to 
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it the proportion of 5:8. Ai| openmg in a thick sided 
vessel ^ipc^bari^es mor^, imd pipes of different forms give 
greater or less increases to the above ratio. The quantity 
of wateris measured by multiplying the velocity by the area 
of ^he less baf e of the truncated cone, which is called t^ 
Vena Cantracta. 

9. The comparative weight of equal bulks of different 
bodies is called their Density. We usually compare these, 
by means of a conventional standard, whose density forms 
the unit in which the densities of the rest are estimated. 
Densities thus estimated are called the Specific Gravities 
of the bodies, and the body employed as the standard in 
most cases is Water. 

In estimating specific gravities, it is not merely neces- 
sary that the water be pure, but, as both the bodies are 
capable of assuming different densities at different tem- 
peratures, it is necessary to define the temperature at which 
the experiments shall be made. The best temperature for 
t^iis purpose is, for reasons we shall hereafter state, from 
38* to 40* of Fahrenheit's thermometer. To determine 
spedfiip gravities, we make use of the principle that a body 
loses in water, as much weight as is equivalent to the weight 
of an equal bulk of water. If then a body be weighed in 
mr, and afterwards in water, the difference is the weight of 
an equal bulk of water, and as water is the unit, we have 
only to divide the weight in air by the loss of weight, and 
the quotient is the specific gravity. 

- The instrument by which specific gravities are thus de- 
termined, is called a hydrostatic balance. It differs from a 
common -balifflLce only in having a convenient apparatus 
added, by which the weight in water can be determined. 
It sometimes becomes necessary to determine the spe- 
cific gravity of bo^es lighter than water. In this case the 
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body, after being weighed in air, is attached to a body suffi- 
ciently heavy to cause it to sink, and whose weight in air, 
and weight in water are known. The dividend is, as before, 
the weight of the light body in air, the divisor is the differ- 
ence between the loss of weight of the heavy body, and the 
loss of weight of the two united. 

The Specific Gravities that are of most frequent use in 
the construction of steam engines, are as follows, viz. 

Table of Specific Chravities. 



Water at its maximum density 
Mercury, - - - - 
Lead, - - - - 
Copper, Cast, 

Rolled, 
Brass, Cast, 

Rolled, 
Iron, Cast, 

Wrought, 
Steel, - Hard, 

Soft 
Tin, - . -. - 
Zinc, - - - - 

Sea Water, - - - 
Dry Oak, - . - - 
Yellow Pine, - - - 
White Pine, 



1.000 
13.568 
11.352 
8.788 
8.878 
8.396 
8.544 
7.207 
7.788 
7.816 
7.833 
7.291 
7.190 
1.026 
0.932 
0.657 
0.569 



L. 



10. When two fluids of different densities press against 
each other in opposite branches of a bent tube, they will 
come to rest, in their respective branches, at heights, above 
the common level, inversely proportioned to their respec- 
tive densities. 

Upon this last stated principle, we may determine the 
pressure of the mass of elastic fluid which surrounds our 
Earth, and which is called the Atmosphere. If a piston be 
fitted air tight, in a glass tube about three feet in length, 
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and the lower end imiDersed in a vessel of mercury, the 
tube being held in a vertical position, and if the piston be 
drawn upwards, the mercury will follow the piston as it 
ascends in the tube, being forced up by the pressure of the 
atmosphere. When, however, the piston reaches a height 
of about thirty inches, the mercury will cease to follow, 
and an empty space will be left between its surface and 
the lower side of the piston. 

In like manner, if a tube, closed at one end, be filled 
with mercury, and being closed by the finger, inverted, and 
the open end plunged in a basin of mercury, the mercury 
will remain suspended in the tube, if its length be less than 
thirty inches ; but if it be longer, and the tube be held verti- 
cally, the mercury will descend, flowing into the basin until 
its surface stand at a level of about thirty inches above the 
surface of the mercury in the basin. 

This height of thirty inches is not constant, but varies in the 
same place, in consequence of changes which are constantly 
occurring in the pressure of the atmosphere ; it also varies 
in different places, in consequence x)f their being at differ- 
ent elevations above the level of the sea, and bearing, in 
consequence, columns of air of varying depths ; but at the 
level of the sea, the mean pressure is such as will support 
thirty inches of the mercury. 

Now acccording to the principle we have laid down, the 
I^essure of this column of mercury upon a base of a square 
ihch, will be^iequal to the weight of thirty cubic inches of 
mercury. This is almost exactly fifteen pounds, at which 
it is usual to estimate the pressure of the atmosphere upon 
every square inch of the surface of bodies subjected to it. 
This pressure, being that of a fluid, is equal in all directions, 
and hence is imperceptible to us, unless when it is taken 
off upon one part of a body, when that exerted on the 
opposite side becomes sensible. So far from tending to 
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crush bodies placed in it, the atmosphere rather acts to top- 
port them, by bearing as much of their weight as is equtl 
to the weight of an equal bulk of atmospheric air. 

11. If the sealed tube be not entirely filled with mercoty, 
a portion of air remains in it ; when the finger is pressed 
on the open end and the tube inverted, the air rises to the 
closed end of the tube ; and when the apparatus is pliii^ed 
in a basin of mercury, and the finger removed, the air within, 
being no longer compressed by the whole force of ttie 
atmosphere, will increase in bulk, and occupy a greater 
space than it originally filled, forcing out a part of the mer- 
cury. 

It is a law that holds good in all elastic fluids, that they 
occupy spaces which are inversely as the pressures to 
which they are subjected and their densities are in conse- 
quence in the direct ratio of the pressures. Hence the 
difference between the height of the mercury in the tube 
that contains air, and that to which it rises in one void of 
air, will be the measure of the density of the air thus con- 
tained, or of the pressure of any other elastic fluid, separat- 
ed by a column of mercury from the open atmosphere. 

The experiment, with a tube containing mercury, and iii- 
verted in a basin of the same liquid, by which we measjire 
the pressure of the atmosphere, was planned by Toricelli, 
and goes by his name. The apparatus, when attached to 
a support, and furnished with a scale on which the heiglit 
of mercury in the tube can be measured, is called a Barom- 
eter. Of this there are several forms, and it is applicable 
to many important uses, of these, however, it is not our 
province to treat. 

The same force which is capable df raising a coKiinn of 
mercury thirty inches in height, is capable of raising a col- 
umn of water as much longer as the specific gravity of mer- 
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cury is greater than that of water. This height is about 
thirty-four feet. Hence, if by any means a vacuum be made 
in atube whose height is not greaterthan thirty-four feet, and 
its end be plunged in a mass of water, the fluid will rise and 
fill it. If the vacuum be imperfect the water will still rise, 
but to a less height. Such is the principle upon which the 
common pump acts, where a piston furnished with a valve 
opening upwards, and moving with reciprocating motion in 
a tube, also furnished with a valve opening upwards, ex- 
hausts a portion of air at each stroke, whose place is sup- 
plied by an equal quantity of water, until the water rises 
through the valve of the piston, and is lifted by it to the 
spout of the pump. Such also is the cause which supports 
a fluid in the branches of a syphon tube, whence it will 
flow with a force depending upon the difference in level, 
of the surface of the fluid in the vessel to which it is ap- 
plied, and the open end of the syphon. 

The Torricellian apparatus may not only be made the 
measure of the pressure of the atmosphere, and of the 
elasticity of gaseous matter contained in its tube, but may 
be applied to measure the pressure of any fluid immiscible 
with mercury, whether elastic or not. Neither is it neces- 
sary that its open end be immersed in a basin of mercury ; 
but if it be turned up like an inverted syphon, the fluid 
whose pressure is to be measured, will act upon its open 
end, and the measure of the pressure will be a column of 
mercury whose altitude is the difference of the level of 
that fluid in the two branches of the tube. 

If both ends of the bent tube be open, but while the one 
communicates with the atmosphere, the other is acted upon 
by a fluid contained in a close vessel, the difference of the 
two levels of the mercury will now be the measure of the 
excess or defect of the pressure of the confined fluid, above 
or below the pressure of the atmosphere. 
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11. The great natural agent which, as we have said, acts 
in oppositicm to the attraction of aggregation, is Heat. Of 
its actual nature we know nothing, and it would be worse 
than useless to enter here into a consideration of the diffe- 
rent hypotheses that have been framed in respect to it. It 
is, however, capable of acting upon our senses, producing 
the sensation of warmth, and of exercising influences of 
various natures upon all bodies. By means of these actions 
which determine its properties, it may be studied, and the 
laws of its action ascertained. 

The first effect of heat of which we shall treat, is that of 
expanding the bodies submitted to its action. It is a gene- 
ral law, that all bodies increase in bulk when heated, and 
contract when cooled. But the manner and rate of thmr 
expansion and contraction differ, both with the mechanical 
and individual nature of the substances. 

Of solids, each different species expands at a different 
rate ; but in all bodies of the same material, the expansion 
is equal for equal increments of temperature. 

In liquids, not only does each different liquid expand at 
a different rate, but the same liquid expands unequally for 
equal increments of heat at different temperatures. The 
expansion is least rapid when the temperature is not far 
from that at which the liquid congeals, and is most rapid as 
it approaches that at which the liquid boils. 

In elastic fluids, whether gases or vapours, not only is 
the expansion of each uniform for equal changes of tempe- 
rature, but the rate of expansion is identical in them all. 

12. We apply this property of heat to the construction 
of instruments for measuring its intensity ; such instru- 
ments are called Thermometers. They are now usually 
composed of a small tube, on the end of which a bulb is 
blown and in which a portion of Mercury is placed. The 



PHYSICAL PRINCIPLES. 27 

mercury is heated until it either fill the tube by its expan- 
sioD, or, if the scale be intended to be long, with its vapour ; 
the end is then closed by heat. When the mercury cools, 
it shrinks in the tube and leaves the upper part free, and it 
will occupy a different space according to the temperature 
to which it is heated. To make such instruments capable 
of comparison with each other, it is necessary to adopt 
fixed points that may be easily obtained in all places. Of 
these, there must be at least two, and those which are now 
universally used, are what are usually called the Boiling 
and Freezing Points of water. 

It is, as we shall see hereafter, a well established fact, that 
the water which runs from melting ice is of the same tem- 
perature under all possible circumstances ; and that the 
heat of boiling water under equal atmospheric pressure is 
also constant. In the latter case, therefore, it is necessary 
to define the pressure at which the experiment shall be 
made, and this has been established by usage, at the mean 
pressure of the atmosphere at the level of the sea, or when 
the Barometer stands at 30 inches. 

The scale which is usually employed upon thermometers 
in this country and in England, is that of Fahrenheit. 
This has the number 32 opposite to that point in the 
stem of the instrument where the mercury stands in melt- 
ing ice ; this is called the freezing point. Between this 
and the point at which the mercury stands in water boiling, 
when the barometer has a height of thirty inches, the space 
on the stem of the instrument is divided into 180 equal 
parts. Opposite to the temperature of boiling water there- 
fore, the number 212% equal to 180«+S2% is placed. The 
mark 0* is thirty-two divisions or degrees below the freez- 
ing point, a:nd as mercury is capable of bearing, without 
congealing, even lower temperatures^ and as they have 
actually been observed and may become the object of 
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experiment, the scale is extended below this point as Su 
as 40 equal divisions ; these are also called d^rees, but to 
distinguish them from those above 0*, and to enable suck 
temperatures to be made use of in calculation, the namben 
are arranged in inverted order, and disting^hed by the 
negative sign. 

To measure leiBjieratares that are not greater than that 
at which mercuiy boils, the scale is carried upwards, also 
by equal degrees, to about 600®. Mercury boils at 676®, 
and freezes at — 40®, and thus the whole scale of Fahrenheit 
includes 615 equal divisions or degrees. 

Mercury, like other fluids, is subject to the law of a 
diminished expansion near the point of its own congelation, 
and one increased near the temperature of its boiling; 
hence the equal divisions on the scale do not correspond 
exactly with equal increments of temperature. But as the 
rate of expansion is very nearly uniform at all mean 
temperatures, at which by far the greater portion of 
plulosophical inquiries are made, no practical error of any 
importance can arise, from considering the degrees of the 
thermometric scale as corresponding to equal changes of 
heat. 

13. Furnished with such a measure of heat, experiments 
may be made upon the expansion of the several classes of 
bodies. The results of such of these as are most impor- 
tant in reference to our subject are given below, viz. 
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tAneal dUatatUm of some of the tMtalsfor each degree of 
Fahrenheit $ thermometer, expressed in decimals of 
length at the tempenOvre of Melting lee. 

— 1 1.1 1 III I I II nil III I I ■ Ill mmmmmmtmmmfmm 



wr- 



Copper, 
Brass, - - 
Wrought Iron, 
Cast Iron, - 
Soft Steel, 
Tempered Steel, 
Lead, 
Tin, 



0.0000096 
0.0000104 
0.0000068 
0.0000061 
0.0000059 
0.0000069 
0.0000158 
0.0000121 



>il ii< m i^»^;»^f^ ^^^-^Hf^m 



The cubical expan«iaB of these bodies can be deduced 
from the above table, for it is a fact that is confirmed both 
by theory and experiment, that the fraction, which repre- 
sents the expansion of any body in bulk, is just three times 
as great as that which represents its lineal expansion ; the 
solid contents being taken as unity in the first case, and the 
length in the second. 

The whole dilation of Water between its boiling and 

points, is TS 

Of Alcohol, h 

Of Mereuiy, ^V 

Within these limits the expansion of Mercury is tolerably 
uniform, indeed if contained in a glass tube, the joint 
efiect of the expansabilities of the two bodies is to produce 
absolute uniformity, but water is not only liable to unequal 
rates of expansion at varying temperatures, but is also sub- 
ject to a remarkable anomaly. When water is taken as it 
flows from melting ice, so far from expanding by the first 
application of heat, it contracts. This contraction con- 
tinues until it reaches the temperature of 38^, from this 
point until it be heated to 40® its bulk undergoes no per- 
ceptible change ; heated beyond 40® it begins to expand, 
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and continues to do so in an increasing ratio until it begins 
to boil. Hence water is at its maximum of density at a 
temperature of from 38^ to 40^, and this being a pnysical 
state that can be defined independent of the thermometer, 
it is then best suited to be used as the unit in determining 
specific gravities. 

The densities of water at various temperatures are as 
follows, viz. 



32« 


.99989 


79- 


.99682 


34« 


.99995 


100» 


.99299 


30" 


l.OOOOO 


122" 


.99753 


440 


.99995 


142^ 


.98182 


40- 


.99978 


162' 


.97552 


64^ 


.99952 


182« 


.96891 


69" 


.99916 


202<» 


.96198 


69» 


.99814 


212« 


.95860 





When water congeals it suddenly expands, increasing in 
bulk one-ninth part of its former dimensions. By this 
sudden dilatation it becomes capable of producing the most 
powerful mechanical e£fects. Other substances also ex- 
pand suddenly on passing from a fluid to a solid state ; 
among these is cast iron, and this expansion is among the 
most important of the practical difficulties that attend the 
making of the parts of steam engines. 

We have stated that all elastic fluids, not only expand 
uniformly, but that the rate of expansion is the same in all. 
By the experiments of Dalton and of Guy Lussac, this 
dilatation is found to be 0.375 of the bulk, between the 
temperatures of freezing and boiling water, or 0.00208 
for every degree of Fahrenheit's thermometer. 

14. When bodies are exposed to the action of heat, 
even when it is not sufficiently intense to produce any 
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change in their mechanical state, they are found to be un- 
equally affected in temperature by equal intensities of heat. 
Thus, for instance, the heat necessary to raise the tempe- 
rature of a pound of water 3% will be sufficient to heat an 
equal weight of mercury 100^. The beat thus absorbed 
by different bodies, in raising equal weights an equal num- 
ber of degrees is called their Specific heat. We know 
nothing of its absolute quantity, and are therefore compel- 
led to express merely the ratio between the specific heats 
of the different substances, and this is usually done by 
taking the specific heat of water as unity. 

Specific Heat of different bodies between the temperatures of 
Boiling and Freezing Watery according to Messrs. Petit 
and Dvlong. 



Water, [ 1.0000 

0.0330 
0.0335 
0.0940 
0.1098 
0.2669 
3.2936 
0.2361 
0.8470 



Mercury, - 
Platina, 
Copper, - 
Iron, - 

Atmospheric Air, 
Hydrogen, - 
Oxygen, - 
Steam, 






All bodies when compelled to change their volume have 
their capacities for specific heat affected. When they are 
condensed their capacity is diminished, when they expand 
iheir capacity is increased. Hence, in the former case 
their temperature is elevated, in the latter it is lowered. 
In solid bodies that are not elastic, percussion and pressure 
heat them, and in some cases until they are red hot. The 
heat evolved at first is the greatest, and they finally when 
the dennty becomes the greatest that the pressure can 
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force of steam^ at yarious temperatures, is very different 
At 212® it just exceeds the pressure of the atmosphere, 
and hence becomes capable of escaping from an open 
yessel, in quantities just sufficient to carry off, in a latent 
state, all the heat that is communicated to the Uquid, which, 
when it has once reached this temperature, does not grow 
warmer until the whole be evaporated. The general law 
of the tension or expansive force of aqueous vapour is, that 
while the heat increases in arithmetic progression, the ex- 
pansive energy increases in a geometric ratio. Its pressure 
doubles for every 40® of Fahrenheit, as will be seen to be 
nearly true from the following table. 

Table of the Elastic Farce of Steam. 



Ttrnptntar*. 


PrvMur* in 
Atoiotphtr*. 


Prmsnre per 
8q. in. in IN. 


Tenpcntnr*. 


PrtMor* ia 
Atmotphtr*. 


PrvMorc per J 
Sn. ia. in W B 


SI2" 


1 


15 


365" 


14 


210 


25 P 


2 


30 


369" 


15 


225 


275" 


3 


45 


372" 


16 


240 


29r 


4 


60 


375" 


17 


255 


304" 


5 


75 


378" 


18 


270 


315" 


6 


90 


381" 


• 19 


285 


324" 


7 


105 


384" 


20 


300 


331" 


8 


120 


387" 


21 


315 


338" 


9 


135 


390" 


22 


330 


345" 


10 


150 


392" 


23 


345 


351" 


11 


165 


394" 


24 


360 


356" 


12 


180 


396" 


25 


375 


361" 


13 


195 


398" 


26 


390 



To find the force with which steam tends to burst the 
vessels in which it is generated or confined, 151bs. must be 
deducted from the numbers in the third column of the 
above table, inasmuch as the pressure of the atmosphere 
acts in opposition to the elastic force of the steam. 

The density and volume of steam at different tempera- 
tures may be ascertained by means of the following table 
in which the density and volume of steam, estimated in re- 



PHYSICAL PBmCXPLES. 



35 



lation to water, taken as the unit, are given for elastic forces 
estimated in atmospheres. 

Table of tJu Density of Steam under Different Pressures. 



1 — ■ 




1 


Prmtart ia 
AtmoapherM. 


Dentitj. 


YolaoM. 


1 


aooo59 


1696 


2 


0.00110 


909 


3 


0.00160 


625 


4 


0.00210 


476 


5 


0.00258 


387 


6 


0.00306 


326 


8 


0.00399 


250 


10 


0.00492 


203 


12 


0.00581 


172 


14 


0.00670 


149 


16 


0.00760 


131 


18 


0.00849 


117 


20 


0.00937 


106 


■ " i' ■ 




* 



When water or any other liquid is subjected to the action 
of heat in a close vessel, it rapidly attains its boiling tempe- 
rature ; the vapour thus thrown o£f adds to the pressure of 
the enclosed atmosphere and retards the boiling. The 
temperature of the liquid will then rise beyond the tempe- 
rature, at which it boils in the open air, until it reach a 
limit winch varies in each di£ferent liquid. At this last 
temperature the whole mass of fluid is at once transformed 
into vapours of a great density, which fill the whole of 
the vase. 

As the elastic force of the vapour, which is formed in 
a close vessel, increases with great rapidity with the eleva- 
tion of temperature, it follows, that the vessels, in which 
liquids are thus enclosed to the action of heat, ought to be 
very strong, and capable of resisting a powerful pressure. 
But whatever be their strength, if there were no limit to 
the temperature of the liquid, the time must arrive when 
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experiments which have been made upon this property in 
bodies give the following proportional results. 

Table of the Radiating Power of different Bodies. 



I 



Lamp Black, 

Water, - 

Writing paper. 

Glass, 

India Ink. 

Ice, 

Mercury, 

Brilliant Lead, 

Polished Iron, 

Tin, Silver, Copper. 



100 
iOO 
98 
93 
88 
85 
20 
19 
15 
12 



Of all substances examined lamp black and water ra- 
diate best, and polished metals worst. When a metal is 
scratched or tarnished, or when it is covered with a coat of 
water, of varnish, or even of woollen stuflF, its power of 
radiation is increased. 

The inverse relation which takes place between the 
powers of reflection and absorption, might be almost in- 
ferred without the aid of experiment ; 'for all the heat 
which falls upon a surface must be either reflected or ab- 
sorbed, the less therefore that is reflected the more ought 
to be absorbed. The relation between the properties of 
radiation and reflection is not so obvious, but experiment 
shows that as the one increases the other diminishes. 



18. When the temperature of a body differs from that of 
the surrounding medium, its mode of heating or cooling 
depends not only on its power of radiating, absorbing, and 
reflecting heat, but also upon the manner in which the 
heat it receives or parts with, is distributed or withdrawn 
from its mass. No body permits radiating heat to penetrate 
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Wbenu body at any tetnpeimtare whatsDeror s 9srniuBd« 
ed by air, or plunged in a fluid, of a temperature lower than 
its own, it grows cooler, and finally assumes exactly the 
temperature of the medium in which it is placed. In all 
cases, a body hotter than those which surround it gives out 
to them its excess of heat, until an equilibrium of tempera- 
^ ture take place. 

When a body is placed in a vacuum, it still gives out its 
heat to the bodies which exclude the air, and finally, as 
before, comes to the same temperature with tbem. It is 
thus evident, that the heat possessed by ti body, even when 
isolated in an empty space, passes through &at space to 
the surrounding bodies. This heat, which is thrown o£f 
from every point of a heated body, is said to Radiate. 

Heat radiates not only when the body is placed in vacuo, 
but when it is surrounded by air, by other gases, and by 
liquids. And it is sufficient for the present purpose to 
examine how the radiation is performed in air, for not only 
are the experiments more easy than in a vacuum, but it is 
in this medium that radiation takes place most frequently. 
Air may diminish the inteninty of the radiating heat, but 
does not alter the laws which it follows. 

Heat is thrown off by a heated body in right lined direc- 
tions, as if it issued from the centre of a sphere in the 
Erection of its radii. When thus radiating, it is capable of 
being reflected ; and this reflection takes place in the same 
manner as that of light ; that is to say, the angle of Reflection 
is equal to the angle of Incidence, and both are included in 
a plane perpendicular to the reflecting surface. Polished 
surfaces reflect heat best, and it has been found to be a 
general law that the power both of absorbing and emitting 
heat from the surfiaee of bodies, follows a common law, and 
is inversely proportioned to the power of reflection. The 
power of giving out heat is called that of radiating, and the 
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19. Liquids are in general worse eosdaetois that anj 
soUd bodies. Their temperatures are» BotwithataDdinfy 
rapidly raised by a proper application of beat Thus, if a 
beated body be plunged in a liquid, the layers of the liqiud 
immediately in contact with the body are beated ; they ei- 
pand, and become specifically lighter than those whkdi 
surround them ; they in consequence rise,, and are re- 
placed by others, which rise in their turn, and the motion 
continues, until the solid and the whole mass of liquid as* 
sume a common temperature. When the vessel that emu 
tains a liquid is heated from beneath, a double set of cur- 
rents is formed, one of the warmed particles which riae^ aid 
the other of cold which descend to supply the jdaca of the 
former. But if the heat be applied to the top of the flnidy 
no more than the upper surface is heated, and the rest re^ 
tains its original temperature^ or is warmed in. a dqpree 
hardly perceptible. 

20. Gases are a£fected in the same manner^ hot being 
less dense, they carry off, by their motions, less heat than 
liquids do ; and the radiation, which is hardly perceptible 
in a liquid body, becomes the most prominent cause of the 
cooling of a body exposed to the air. 

The rate of the cooling of a body, surrounded by a fluid 
medium, depends then, as well upon its power of radiation, 
as upon the abstraction of heat by the motion of the parti* 
cles of the medium. The quantity of radiation decreases 
in a geometric ratio as the temperatures are lessened in 
arithmetic proportion, and it depends upon the nature of 
the surface of the body. The rate of cooling by the con- 
tact of a fluid is, on the other hand, independent of the* 
nature of the surface. Both the temperatures and the rate 
of cooling vary in geometric ratio, but the common multi- 
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plier differs ia the two progressions. In the temperatures 
it is 2, while in the rates of cooling it is 2.35. 

The cooling property of gases may always be expressed 
in terms of some power of their pressure. The coefficient 
of the power is, in air 0.45, in hydrogen 0.315, in carbonic 
acid 0.517. 

These laws are directly applicable to masses of fluid 
bodies, because heat or its diminution, is propagated in 
them with extreme rapidity by means of their internal mo- 
tion. In solid bodies the communication of heat is more 
slow : but in both, the laws both of heating and cooling are 
identical. 

21. When a solid body is cooled, by being placed in a 
medium whose temperature remains constant, the outer 
part cools first, and the temperature increases from the 
surface to the centre ; but this difference gradually be- 
comes less and less, and the whole will finally reach an 
uniform heat equal to that of the surrounding medium. 

When a solid body is placed in a medium of higher tem- 
perature than its own, the temperature will be at first great- 
est at the surface, and least in the centre : but the heat 
will gradually penetrate, until the whole of the particles 
attain the heat of the surrounding mediums. 

When the solid is only heated at some one point of its 
surface, the remainder will receive heat by virtue of the 
conducting power. But, as every point in the surface will 
radiate heat, it becomes obvious that a limit will be reached, 
when the quantity of heat lost by radiation will be exactly 
equal to that communicated to the body. Thus the tempe- 
rature will become constant, but each different point will 
have that which will depend upon its distance from the 
point to which the heat is directly applied, 

6 
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If a solid body be fonned into a yessel, and cont 
liquid, and if heat be applied beneath, the motion < 
liquid will bring all the parts, with which it is in c 
to its own temperature, which the inteiior of the 
will not surpass. The outside of the vessel will 
temperature as much greater as is due to its coi 
power, and inmetalUc vessels, the difference will L. 
perceptible. But if the heat be applied above t]^ 
of the liquid, the latter will no longer act to prt 
part of the vessel being heated as high as the sub' 
furnishes the heat is capable of doing. So also, 
be applied below the surface, but near it, litfle ' 
the heat will descend through the solid sides ol 

If, by any accident, a non-conducting subst. 
terposed between the vessel and the liquid, in t) > 
the vessel may acquire a heat greater than that 
and the heat will be distributed as if no liquid w 
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CHAPTER 11. 



COMBUSTION. 



Definition of Comlmstion. — Oxygen. — Flame. — Jltmospheric 
•Sir. — Currents of Air produced by Combustion. — Increase 
of Weight in the process of Combustion. — Temperature of 
FlamCy and modes of burning of Solids^ Gases^ and Li' 
quids. — Different species of Fuel. — Properties and Chemi^ 
cal JSTature of Fuel. — Carbon and Hydrogen. — Compara- 
tive value of different kinds of Fuel. — Parts of Furnaces. — 
Ashpit. — Ghrate. — Body of the Furnace. — Flues. — Chim- 
neys. — Damper. — Furfiace Doors. 

22. Op the various sources of heat, but one is of impor- 
tance in its relation to our subject, this is the chemical 
process which is called Combustion. This process, in its 
general and most extended sense, denotes the combination of 
bodies with a class of simple substances, that are thence 
called Supporters of Combustion ; as applicable to our 
present object, it is restricted to their combinations with but 
one of them, namely. Oxygen. 

23. Oxygen is an insipid, colourless, ponderable body, 
which we find existing in nature in a gaseous state, and which 
possesses the property of entering into combination with 
all well known simple substances, with a greater or less 
degree of energy. These combinations are all attended 
with the developement of a greater or less degree of heat, 
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and the quantity of heat appears to be proportioned to the 
energy of the action by which the combination is effected. 

24. It is a general law, that all bodies when intensely 
heated become luminous. When this heat is produced by 
combination with oxygen, they are said to be ignited, and 
when the body heated by this chemical action is in a gas^^ 
eous state, it forms what is called Flame. 

25. Oxygen is one of the principal constituent parts of 
atmospheric air, of which it forms about one-fifth part, 
and it is from the atmosphere that the oxygen which is 
the agent in the combustions, that we apply to generate 
artificial heat, is derived. Although it is thus absorbed 
from the atmosphere in large quantities, by processes both 
natural and artificial, it does not suffer diminution in quan« 
tity, for there are several natural actions that are constantly 
restoring and replacing it. By a peculiar mechanical law 
that affects elastic bodies, they are uniformly distributed 
over the surface of the earth, each acting as if it were a 
distinct . atmosphere, and hence the quantity of oxygen 
in the air is identical in all places, and under all circum- 
stances. 

Not only is the quantity of heat developed by the com* 
bination of different bodies with oxygen extremely variabki 
but that at which they begin to combine is also very differ- 
ent. There are some that unite with it at the ordinary 
temperature of the atmosphere, while others require to be 
previously subjected to the most intense heat we have the 
means of producing ; there are others again, with which it 
will only combine at the moment in which it is in the act 
of being separated from some of its other chemical com» 
binationsv 
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26. As the oxygen forms, in the process of combustion, 
a combination with the combustible body, it is obvious that 
a given quantity of atmospheric air, must have its property 
of supporting combustion rapidly destroyed, and hence 
ivhenever the process is intended to be continued, it is 
necessary to supply constantly fresh masses of air. The 
very process itself is, however, capable of creating cur- 
rents in the atmosphere, that will continue until a great 
part or the whole of the combustible has entered into com- 
bination ; and we may, by a skilful application of mechani- 
cal principles, regulate and govern the supply of air thus 
drawn towards the burning body. In some cases, however, 
where intense heat is desired, it becomes necessary to 
urge, over the surface, or through the mass of the com- 
bustible, currents of air by mechanical means. Apparatus 
for this purpose are called Blowing Machines, of which the 
common bellows is the most familiar instance. 

The currents that we have spoken of are formed upon the 
principle, by which, as we stated in the last chapter, bodies 
are cooled when placed in fluids. The oxygen generally en- 
ters into combination with most of our common fuel, without 
losing its gaseous form, and although more dense at a given 
temperature than it was before, it is generally so much 
heated as to become specifically lighter than the adjacent 
air, while the rest of the mass of air becomes equally heat- 
ed, without undergoing any chemical change ; it therefore 
rises along with the oxygen that has entered into combina- 
nation, and the contiguous air rushes towards the burning 
body, in order to supply the place of the rising column. 
Chimneys or flues are usually adapted to carry up the 
heated air. The draught of these is rendered more intense, 
by permitting no air to enter them, but what passes through 
the fuel ; and the quantity that shall thus pass may be regU"* 
lated, either by changing the magnitude of the opening by 
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whidi the air enters the fire^ or by varying the area of the 
flue. An apparatus intended to fulfil the former of these 
objects is called a Register, one to fulfil the latter, a 
Damper. -,% 

27. Although the density of oxygen is by no means great,, 
still as it is ponderable, it must in all cases increase the 
weight of the combustible. This, at first sight, appears 
contrary to ordinary experience, which perceives bodies 
wasting and diminishing under the process of combustion. 

' This apparent anomaly grows out of the fact, that the pro- 
ducts of the process are in many cases gaseous, and hence 
escape along with the current of air that passes through the 
burning body. Were we to collect the whole of the products, 
we should find in them an increase of weight, exactly equal 
to that of the oxygen which has been consumed. 

28. Different bodies become luminous in the process of 
combustion, at different temperatures, solids more early 
than gaseous bodies. None appear to become visible, even 
in a faint light, belgi*' a temperature of about 870° of Fah- 
renheit. The light is at first of a dull red colour, as the tem- 
perature augments the light becomes more brilliant, and the 
body finally shines with an intense white light. Solid bodies 
may become luminous when heat is simply communicated to 
ihem, and without entering into combustion, but gases are 
never luminous except while entering into combination. 
Liquids burn only by becoming volatile, and hence it is the 
aeriform matter that escapes, and not the liquid itself that 
becomes luminous. 

When a combustible is solid, and so fixed as not to be- 
come volatile by the heat generated by its own combustion, 
it burns only at the surface, and the heat generated resides 
in the place where the combustion occurs, whence it is 






I 



COMBlJStlON. 47 

propagated to the surrounding bodies by radiation or by 
their conducting power, except so much as is applied to 
beat the current of air that flows through the mass of burn- 
ing fuel. But if the body be one that is capable of becom- 
. ing gaseous at a temperature below that at which it ignites, 
the combustion takes place principally in the gaseous mat- 
ter, extends into the column of rising air, and into the flue 
by which it is conveyed. The heat the vapours acquire in 
their combination with oxygen renders them luminous, and 
it is far more intense than that found where the fuel is 
itself situated. Solids may become volatile either by the 
physical process of evaporation, or by their constituents 
entering into new combinations, whose natural state is that 
of gas ; Flame is the product of their combination with 
oxygen in either case. 

The brilliancy of a flame is no criterion of the intensity 
of its heat. The flame of the compound blowpipe, the 
most intense in heat of any that we can produce, is barely 
visible in the open day. Those flames are most brilliant, 
in which a gas is concerned, that has a constituent capable 
of returning to the solid form during the process ; this 
being capable of becoming more luminous at equal tempe- 
ratures than gas, imparts this property to the flame of 
which it constitutes a part ; such is the cause of the intense 
brilliancy of the flame of carbonated hydrogen, in the form 
of oil and coal gas, or of its purer state, obefiant gas. 
Flame may be cooled until the gas ceases to be luminous, 
or to unite with oxygen. This is done by bringing into 
contact with it a metallic body, or other good conductor ; 
in this case no fresh heat is generated in the current, which 
therefore no longer produces any new calorific effect. 

Flame, as a general rule, is hollow ; that is to say, the 
gaseous matter combines with oxygen only at its surface, 
except under particular circumstances : thus when an in- 
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flammable gas is intimately mixed with oxygen, the whole 
inflames suddenly and explodes, and when currents of air 
are propelled violently into the body of the flame the heat 
is more intense, and less of the fuel escapes unconsumed 
than in cases of ordinary draught ; the whole gaseous mat- 
ter too, may be consumed within a less space. This prin- 
ciple has been advantageously applied in this country to 
the boilers of several steam engines, where as the space if 
limited, a more complete combustion within it is discemable. 
For this purpose a fan wheel has been used and with 
great advantage. A similar plan has been more recently 
introduced in England, in the boiler of a locomotive engine, 
which will be hereafter spoken of. 

The current of air which flows towards and through a 
a mass of burning fuel, produces two efiiects, directly con- 
trary to each other. While on the one hand the oxygen, 
that is necessary for supporting the combustion, generates 
heat by entering into combination with the fuel, on the 
other, the residue of the atmospheric air, which constitutes 
four-fifths of the whole, carries ofi* a part, greater or less^ 
of the heat thus produced. The actual efiect in beating 
depends upon the diflerence of these two effects, and is in- 
fluenced by the relation between the mass of air and that 
of the combustible. When the area of the current of air is 
small, when compared with the bulk of the combustible, as 
when it b directed through a tube of small diameter, the 
energy of the combustion is increased, and the flame is 
longer ; on the contrary, when the same quantity of air 
enters by a larger orifice, the flame diminishes in bulk, and 
may even be extinguished by the second of the above de- 
scribed actions. 

Although a body that continues solid during combus- 
tion, burns only at the surface, the heat generated may be 
sufficiently intense to render the body luminous throughout; 
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en the other hand, it is only at the surface that the currents 
of heated gas that constitute flame become luminous, but the 
solid matter conveyed by, or in the act of deposition fron^, 
such a current, will be luminous whether at the surface 
or not. 

Such are the general principles of combustion, and such 
the nature of flame ; they cannot be more fully developed 
except by considering the peculiar nature and mode of 
burning of the several species of fuel in actual use. 

29. Of the different species of fuel, those which are 
most commonly employed in generating steam are : 

1. Pine Wood, 

2. Hard Wood, . 

3. Bituminous Coal, 

4. Anthracite Coal, 

Each of these has its peculiar manner of burning, and 
hence the furnaces or fire-places in which they are used 
must differ in form and arrangement, as ought the flues 
and chimneys by which the current of air that passes through 
them is carried off. 

30. The general properties of a good fuel are, that it 
should byrn easily in atmospheric air, and that the heat 
generated by the combustion should be sufficient to keep 
it up, until the whole is consumed. The hei^t is carried off 
from the fuel in three ways, 

1 . By the current of heated air. 
9. By the direct radiation of its solid part ; and, 
3. By the radiation of the flame that issues, and the 
conducting power of the flues with which the flame comes 
into contact. In the application to the generation of steam, 
the first can be made but little use of, inasmuch as to cool 
this rising column of air would diminish its velocity, and thus 
lessen the draught of the chimney ; but both the kinds of 

7 
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radiation, as well as the action of conductors on the flame 
should be employed, and the vertical part of the chimney, 
should not commence except at the distance from the 
mass of fuel, at which the flame terminates. Thb simple 
combnstibles which are found in the four difierent kinds of 
fliel which we have spoken of, are Carbon and Hydrogen, 
the coals contain sulphur, but it is not, generally speakingi 
in sufficient quantity to afiect the manner of their combus- 
tion. There is also present a portion of oxygen. 

31. Carbon is a substance which exists in a state nearly 
pure in common charcoal, and in the black deposit which 
is formed on the flues, through which the column of air 
that has passed through burning fuel is carried. 

In these forms it is a solid body of a deep black colour, 
insipid, and inodorous ; it is infusible by heat, and does not 
become volatile, but in most species of fuel it is, during 
combustion, divided into such small portions as to be readily 
carried off" by the heated air, and is then deposited upon 
the flues, forming, with other condensed matter, Soot. 

It combines with oxygen in two difi*erent proportions 
forming carbonic oxide, and carbonic acid. The former 
still retains the property of combining with oxygen, and, as 
it is gaseous, forms flame, which has a pale blue colour ; the 
latter is incombustible and extinguishes flame. 

Hydrogen, in its pure form, exists in a gaseous state, and 
is the lightest of all known substances, having a density of 
no more than one-fourteenth part of that of common 
atmospheric air. It combines with half its bulk, or eight 
times its weight of oxygen, when inflamed, and the com- 
pound that results is water, which, in consequence of the 
high heat generated by the combustion, is at first in a state 
of vapour. This combination is attended with the highest 
degree of heat we can obtain by any combustion whatso- 
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eveT) as is manifest from the effects of the compound blow 
pipe, in which an united stream of oxygen and hydrogen, 
in the proportions that constitute water are inflamed. 

Hydrogen also unites with carbon, forming one well 
known and universally admitted gaseous compound Okfiant 
Gas. It is found also in the gaseous shape containing a 
less proportion of carbon, but it is yet in dispute, whether 
any of the various gases of this character be definite com- 
pounds, or simply mechanical mixtures of olefiant gas with 
uncombined hydrogen. 

When a body, whether solid or liquid, that contains a 
combination of carbon and hydrogen, is exposed to a high 
heat, these gases are let loose and take fire ; other com- 
pounds, of which these two substances constitute an impor- 
tant part are also sometimes generated, but which are not 
iXHnbustible. 

Thus, not only does a part of the fuel bum in the body of 
the furnace or fire-place, and its more volatile part separate, 
but new combinations take place there, a part of which are 
also inflammable, and bum in the chimney, if a sufficient 
quantity of uncombined oxygen enter it along with them. 
These new inflammable products are carbonic oxide, and 
the carburetted hydrogens. 

32. Carbon, in burning, combines with no more than two 
and two-thirds of its weight of oxygen. In its combustion, 
one pound produces sufficient heat to increase the tempera- 
ture of 13000 lbs. of water V Fahrenheit. 

Hydrogen combines with eight times its weight of oxygen, 
and one pound of it, in burning, raises the heat of 42000 lbs. 
of water 1". 

Hence it is obvious, that of equal weights of fuel, that 
which contains most hydrogen, ought in its combustion to 
produce the greatest quantity of heat. Such, in truth, is 
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tfa6 case, where the fuel is exposed, each kmd under the 
most advantageous circumstances. And thus in steam 
engines pine wood is preferred to hard, and bituminom 
coal to anthracite. But as hydrogen, and the new com- 
pounds it forms are easily separated in the form of gas^ 
which also carries with it a dense smoke composed of 
minutely divided carbon, it is only when the whole smoke 
and gas can be consumed, that the species that abound in 
hydrogen manifest their full value. 

In positions where the radiant heat of the fire-place can 
alone be made effective, oi" when the volatile matter either 
escapes unconsumed, or without being applied, those kinds 
of fuel which abound in carbon, appear to be the most vala«> 
able. Thus, in the very careful and accurate experiments 
made by Marcus Bull, and published in the Transactions 
of the American Philosophical Society, the values of the 
different kinds of fuel appear to be almost exactly in the 
ratio of the quantity of carbon they contain. But, upon 
examination it will be found, that all the different substan'- 
ces were experimented upon in the same apparatus, and 
that, one exactly suited to the most advantageous combus* 
tion of charcoal and anthracite; His experiments are 
therefore no more than a comparison, and no doubt a valu* 
able one, of the effects produced by the direct radiation of 
that part of the fuel which remains solid, and furnish no 
criterion of the absolute heating powers of the substances^ 
when each is burnt in a furnace of the construction best 
suited to its own mode of combustion. Charcoal and an<» 
thracite lose little or nothing in the form of smoke, and the 
carbonic oxide that is generated is generally completely 
burnt : this is not the case with any other species of fuel, 
unless burnt in apparatus expressly constructed for con- 
6uming the smoke. We have felt it our duty to state our 
objections to the experiments of Mr. BuU^ particularly as, 
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m spite of these defects, they are the most valuable that we 
have it in our power to quote, especially as regards wood^ 

When the hard woods, after being well dried, are sub- 
jected to destructive distillation, the residuum of solid char- 
coal is no more than one-fifth part of the weight of the 
wood. About one-fourth part of the volatile matter is 
condensible into the liquid form, being water, charged with 
an empyreumatic oil and acetic acid, a mixture that usually 
goes by the name of pyrolignous acid. Full one-half of 
the mass goes off in a permanently elastic form. As ana- 
lysis shows no other substances present than the three we 
have stated, and as the oxygen is principally accounted for 
in the acid, these gaseous products are probably wholly 
inflammable. Pine wood furnishes little or no pyrolignous 
acid, and a less residue of charcoal ; hence we may infer 
that when it is well dried, full three-fourths of the whole 
weight are ^capable of forming flakne. 

When wood is employed as a fuel, it ought to be as dry 
as possible. When recently cut, it always contains a con- 
siderable quantity of water ; and as in burning it does not 
acquire heat enough to decompose that fluid, it must be 
converted into steam, which requires a considerable quan- 
tity of heat. Wood does not part with the whole of its 
moisture by mere exposure to the air, but retains at least 
one-tenth part of its weight, unless artificial heat, at least 
as great as that of boiling water, be applied. Hence, when 
wood is to produce the greatest quantity of heat which it 
is capable of affording, it ought not merely to be seasoned, 
but dried by the direct application of heat. As usually 
employed, it has about 25 per cent, of water mechanically 
combined, the whole of the heat necessary for evaporating 
which, is lost. 

Hard woods bum only at the surface ; the heat there 
generated speedily causes the volatile matters of the whole 
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mass to escape ; such of them as are inflammable take fire 
and form aflame. There soon remiuns nothing but a com« 
pact, dense mass of charcoal, which bums slowly and 
without flame. 

Pine and other light woods bum with much more rapidi- 
ty, as they spUt under the action of heat, and are besides 
porous enough to permit the air to penetrate : much of the 
carbon too either assumes a new form of combinatioii with 
the hydrogen, or is carried off in smoke ; they therefore 
leave little or no charcoal, and give out flame during nearly 
their whole combustion. 

The experiments of Count Rumford give the followmg 
results : 



8p««ict of wood. 

Oak, seasoned, 

dried on a stove, 

Maple, dried on a stove, - 

Fir, seasoned, 

— , dried on a stove, 



lbs. of water iMated 
lob7 1 Ih. offiMl. 

4590 
5940 
6480 
5466 
7150 



These are all too high for any practical purpose, as we 
rarely resort to artificial means of drying, and have but 
seldom the power of obtaining wood thoroughly seasoned. 
We therefore do not consider it safe to take at more than 
4500 lbs. the quantity of water which 1 lb. of hard wood is 
capable of heating 1 % and 5000 for the quantity heated 1 • 
by pine wood. 
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The more useful of M. BulPs experiments upon wood, 
are as follows, viz : 



• Kind of Woods 


Wetifht of 
Cord. 


Comp. rain* 
porCord. 


SheU Bark Hickory, 
Pig-nut Hickory, 
Red-heart Hickory, 
White Oak, - - - 


Ibt. 

4469 
4241 
3705 
3821 


100 
95 
81 
81 


Red Oak, - - - 


3254 


69 


Hard Maple, - - - 
Jersey Pine, - - - 
Pitch Pine, - - - 


2878 
2137 
1904 


60 
54 
43 


White Pine, - - 


1868 


42 

'1 



The difiference in the modes in which bituminous and 
anthracite coal bum, is still more marked than between 
various kinds of wood. Those coals which contain much 
bitumen, (as Cannel coal,) bum much like pine wood, 
splitting and emitting an inflammable gas. Those which 
contain less, (as common Liverpool coal,) burn at first with 
flame and then leave a mass of coke or charcoal, which 
bums without flame. Anthracite, on the other hand, has 
little or no flame, except what arises from the formation 
of a portion of carbonic oxide. All coals contain more or 
less water, but much heat is not lost in their combustion 
on this account. They do not bum unless heated to a 
temperature at which water is decomposed, and in the 
flame that is formed, the two gases again combine and emit 
heat. On this account damp bituminous coal produces 
more flame than when it is dry, and although it does not 
appear to be of any use to moisten the anthracites, those 
varieties which lie in mines that are wet, are more easily 
ignited and give more flame than those which are found in 
dry situations. When bituminous coal is subjected to the 
destructive distillation, nearly two-tMrds of its weight is left 
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behind in the form of coke. This is principally composed 
of carbon ; a part of the volatile matter although conden- 
sible, is inflammable and will join in generating flame ; this 
with the inflammable gases amounts to about one-fourth of 
the weight of the coal, and the remainder, amounting to 
about TT9 is incombustible. 

The best anthracites contain about 95 per cent, of in- 
flammable matter, which is principally carbon. In burning 
them, however, a very considerable residue of carbon is al« 
ways left, as the interior of the pieces into which they are bro- 
ken cannot be inflamed, and the dust does not bum. This is 
not the case with bituminous coal, which may have every 
particle exposed to the contact of air, by stirring it during 
combustion, and of which the smallest fragments inflame. 
If we calculate the heating powers of the two species of 
coal from their chemical composition, they will be as 
follows : 

Lta. of wftter hntod W 
8p«eiet of Goal. |^ 1 lb. of fooL 

Average of bituminous Coal, - - 13792 
Anthracite, - - - •- 12350 
Coke, 13000 

In practice, however, a considerable quantity of heat is 
wasted, which the best experiments make about one-third, 
in the case of bituminous coal and coke, and the loss in 
anthracite from its less perfect combustion must be even 
greater. 

The results thus reduced are in the nearest round num- 
bers. 

lbs. 

For bituminous Coal, ... Q200 

For Coke, 8600 

For Anthracite, - - . - 7800 

but (he latter is probably beyond the truth. 
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33. The fiiniaces in which the fiiel employed for gene- 
ratmg steam is burnt, are composed of a chamber in which 
the combustible is placed, a grate on which it is laid, an 
opening through which the air enters to the fuel, and an 
ashpit, into which the unconsumed portions fall. 'Fur- 
naces usually receive the air from beneath and through the 
ashpit, but in some cases the air descends to the burning 
fuel, and passes downwards through the grate. In treat- 
ing of these parts we shall follow the air in its course, 
arranging them in the order in which it reaches them. 

S4. The Ashpit is generally a quadrangular chamber 
enclosed on three of its sides by walls, and open on the 
fourth, which is surmounted by a bar of iron, or an arch. 
Its section is usually of the same size as the grate, and its 
height depends upon the circumstances of its position. It 
ought, however, to have an opening to the free air, as large 
as the area of the grate. In engines placed on the land, it 
has lately been a practice, which is attended with advan- 
tage, to have a few inches of water at the bottom of the ash- 
pit ; this is renewed by a small, but constant stream. The 
air that flows to the furnaces is thus kept cool, and enters 
them loaded with moisture, which increases the length of 
the flame. In some of the more modern steam-boats the 
boilers are placed upon the wheel guards, and the space 
below the grate is open to the water beneath. The com- 
bustion is found in these cases to be more intense. There 
can be no other general rules hid down for the construc- 
tion of the ashpit, which will naturally assume its form 
from the figure and size of the furnace, and the position in 
which it is to be placed. 

35. The grate is composed of parallel bars usually of 
cast iron. They have frequently the form of a prism, 

8 
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whose section is an isosceles triangle, the base of which is 
lowest. Their ends are rectan^lar and wide enough to 
keep the triangular portions at a distance of half an inch. 
When long, they are made deeper in the middle, and grad- 
ually taper to their points of support. The size of the ban 
will depend upon their length, the weight of fuel they have to 
bear, and the shocks they are subject to in throwing it in 
and stirring it. The bars are usually about half an inch 
apart, and the bars of the largest furnaces an inch and a 
half thick. The open space through which the air passea 
is therefore no more than a fourth part of the aperture on 
which the grate rests, and the space is farther diminished 
by the lodgment of the fuel upon, and the ashes and cinden 
between them. The least space that ought to be left for 
the passage of air through the grate should be equal to the 
area of the chimney, and the area of the grate itself is con- 
sequently four times as great. This, however, being the 
minimum, and the fuel and cinders opposing a resistance, 
grates ought always to be larger than four times the area of 
the chimney. We shall hereafter give the principles on 
which dimensions of this last named part of the apparatus 
depend. It is usual among practical engineers to give a 
foot of area of grate, for every cubic foot of water evapora- 
ted in an hour, when the fuel is coals, and double that space 
when the fuel is wood. This rule agrees with that deduced 
from theoretic considerations by the French and German 
engineers. In practice, however, with any free burning 
fuel, it is better to have a surface of grate beyond the abso- 
lute want, than one that may be too small. With anthra- 
cite, the case is probably different, as too large a column 
of air must diminish the intensity of the combustion. 

86. Above the grate is situated the body of the furnace. 
Its horizontal section is determined by the size and shape 
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[>f the grate, its depth will depend upon the natare of the 
fuel. It must, in the first place, be of sufficient depth to al- 
low such a thickness of fuel, as is. best suited to its com- 
plete combustion ; and in the second, there must be, above 
the fuel, a sufficient space for the flame to be fully formed 
before it enters into the flues. 

It is very difficult to state exactly a rule for the depth of 
the fuel that lies upon the grate. The larger the masses 
in which the fuel is thrown in, the greater may be its depth. 
The depth may also be increased with an increase in the 
draught of the chimney. In all cases, fuel may be added 
until it appears to diminish the intensity of the combustion, 
for in thi^ way the double advantage will be gained, of be- 
ing compelled to feed less frequently, and the air that 
enters will be more completely applied to the support of the 
fire. It has been found that a depth of about four inches 
is most advantageous for bituminous coal; Anthracite will 
probably require at least double that depth, and wood will 
bear even more. In respect to the quantity of combustibles, 
it is necessary that the furnace for burning wood should 
have, at least, twice the capacity of one for burning coal. 
A depth of from twelve to fifteen inches from the grate to 
the bottom of the boiler is sufficient for the most advan- 
tageous combustion of bituminous coal, while it has been 
found in practice, that if the depth of the furnace, in which 
wood is burnt, be less than three feet, the useful efieet of 
the fuel is lessened. 

When high steam is to be generated, the space may be 
made less, but it is in all cases disadvantageous to bring the 
boiler into contact with, or too near to the fuel itself. The 
reason of these rules is obvious, for if the heat be with- 
drawn immediately from the fuel itself, rather than from 
the flame, and the heated air that has passed through the 
furnace, the volatile matter and heated air will cool too 
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speedily, the length of the flame will be lessened, and 
much of combustible will escape unconsumed ; the drangbt 
of the chimney will also be diminished, by the cooling of 
the air and the absence of flame. 

In respect to furnaces placed within the boiler, they at 
first sight appear to be extremely advantageous, because, 
as the boiler itself forms their enclosure, no heat can be 
lost But this advantage is not real, for the surface of the 
furnace being cooled down by the water to a temperature 
which in low pressure boilers does not much erceed 212*| 
and, even in the case of high pressure, is far beneath ihe 
heat of flame, the combustion will languish, the draught of 
the chimney will be diminished, and the flame will be of bat 
little length. On the other hand, it is frequently necessary 
to employ furnaces thus situated, in order to economise 
room and lessen the weight ; such is the case in steam-boats 
and locomotive engines. When such an arrangement be- 
comes necessary, the inconveniences may be in some part 
obviated by lining the furnace with fire brick, or other bad 
conductor of heat. The length of the flues may then be 
encreased, and the whole gaseous matter converted into 
flame and applied usefully. 

There are cases in which it is of advantage to bum the 
smoke that issues from furnaces. As, however, when the 
fire is properly managed, but little unconsumed matter will 
issue from a furnace of the ordinary construction, such 
plans are of very little value in making the heat produced 
by a given quantity of fuel greater. It is only, then, when 
the smoke that occasionally issues, when fuel is just added, 
is productive of inconvenience to the neighbourhood, that 
furnaces of the kind need be erected. In a general trea- 
tise, therefore, it is not considered necessary to enter into a 
detail of their construction. 

When bituminous coal is used as a fuel, it may be sup- 
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pUed, in proportion to its consumption by a self-acting 
Apparatus, the invention of Brunton of Birmingham in Eng- 
land. This is said to lessen the expenditure of fuel rather 
more than one-third. lii our country, this substance is 
rarely employed, we have not, hence, thought it necessary 
to describe it. Those who wish to become acquainted with 
its structure may consult Tredgold and Lardner. 

37. From what has been already said, it will be obvious, 
that the volatile parts of the fuel and the heated air that has 
passed through it, are not to be permitted to enter at once 
into the chimney, but must be retained in contact with the 
boiler, at least until all the flame be made use of. The air 
and flame are therefore made to circulate in flues. These 
flues may be either beneath the boiler, upon its sides, or 
within it. Their length will depend upon the nature of the 
fuel ; when it burns with much flame they should be 
long, but if it give but little, a horizontal passage beneath 
the boiler, and of its whole length, will be sufficient. Pine 
wood will therefore require the greatest length of flue, and 
anthracite coal the least. 

The greater the periphery of the flue under a given area, 
the greater will be the quantity of heat it will give out, but 
at the same time the greater will be the friction of the 
heated air against its surface. Here again a difierence in 
form may arise according to the nature of the fuel ; the 
flues made use of, with combuc^bles that furnish the great, 
est quantity of flame, having the greatest practicable peri- 
phery, while those that burn with little or no flame should 
be square or circular. This, however, applies only to flues 
beneath the boiler or upon its sides, for when the flues pass 
through the boiler, considerations of safety will generally 
require their section to be circular. 

Air being a bad conductor of heat, the bottom of a' flue 
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is less heated than its sides, and the latter much less than 
its top. Hence flues beneath the boiler are far more 
advantageous than those which surround it, and when a flue 
passes through a boiler, it ought, were there no other reason, 
to be entirely immersed in water. 

The whole area of the flues must not be less than that 
of the chimney, otherwise the draught will be impeded, 
and on the other hand, there is no advantage gained by 
making it greater. 

38. When the flame is completely expended, no fiiriher 
advantage is usually gained, by making the current of air 
circulate in contact with the boiler. A part of its heat 
might, no doubt, be withdrawn, but this will be done at the 
expense of the intensity of the combustion, unless it be 
practicable to make the chimney of very great height. The 
ascent of smoke in chimneys is due to the difiierence in the 
density of the heated air they contain, and of that of the 
open atmosphere. The force which propels the current 
is, therefore, the difierence of weight of two columns, one of 
atmospheric air, the other of the heated and rarified air of 
the chimney, whose altitudes are equal, and the same as that 
of the chimney, and whose areas are equal to that of the 
aperture by which the heated air enters the chimney. 
When, therefore, it is possible to make the chimney high, 
the air within it need not be as much rarified, in order to 
obtain an equal force of draught, and the flues maybe per- 
mitted to circulate longer around the boiler. We conceive, 
however, that it may safely be taken as a general rule, that 
when the gas has been wholly inflamed, the heated sir may 
be permitted to ascend. In furnaces for burning wood and 
bituminous coal, it frequently happens that the flame enters 
the vertical chimney and that much heat is lost ; while in 
those for bunumg anthracite, the flues are frequently so 
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long as to diminish tlSe draught of the chimney and the con- 
sequent intensity of the flame. 

The ascent of the air in chimneys is due, as we have 
stated, to their height and the temperature of the ascending 
column of air. But the latter is the mean temperature of 
the air in the chimney, and not that at which it enters. The 
sides of the chimney absorb heat, and it is again withdrawn 
from them by radiation, and the cooling action of the air ; 
and hence the velocity is rapidly diminished. Air, too, is 
subject to a considerable degree of friction in the chimney. 
This last resistance is proportioned to the square of the 
velocity and the length of the chimney directly, and the di- 
ameter inversely. 

The cooling of the air depends not only upon the quan- 
tity of surface exposed, but lipon the nature of the material, 
and hence experiment alone can determine the eflfect which 
this has upon the velocity. We are aware that the great- 
est part of the heat that is thus lost is due to radiation. 
Now, of the materials usually employed in making the 
chimneys of steam engines, sheet iron, wrought iron, and 
brick, the first is the worst and the last the best radiator 
of heat. But the difierence in this respect between the two 
first is but small, and as cast iron pipes must be thicker than 
those of wrought iton, the outer or radiating surface of the 
former will be the least heated. Hence it would be rea- 
sonable to conclude, that chimneys of cast iron have the 
best draught, those of brick the worst. This has been 
found to coincide with actual experiment. 

It is extremely difficult to calculate t}ie proper dimen- 
sions for a chimney, inasmuch as many of the elements are 
difficult to determine. Peclet has given a method founded 
upon strictly scientific principles, but it is altogether too 
complex for practice. The rule given by Tredgold, is — 
*^ Multiply the number of cubic feet of w(Mr to be evaporated 
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per hour 6y 1 12, and divide by the square root of the height of 
the chimney.^^ 

This may be taken as the minimum for chimneys of brick, 
and with bituminous coal for the fuel. The last named 
author advises that the area of the chimney be made double 
as much as is given by his rule. In chimneys of iron the 
area may be less, the fuel remaining the same ; and they may 
be still further lessened when the fuel is anthracite coal ; 
on the other hand, the area of chimneys for burning wood 
should be greater than those for bituminous coal. The 
best form for the horizontal section of a chimney is that of 
a circle, the friction is less in it than in any other figure, 
and in mejtal the cost of constructing it is less. Of figures 
having circular sections the best is the frustum of a cone, 
whose upper area is that which is given by the rule of 
Tredgold, and whose lower section has twice that area. If 
the chimney be cylindrical, a small truncated cone or conoid, 
placed upon its top, will make it act more advantageously. 

39. As various-circumstances will occur, in consequence 
of which it may be necessary to alter the intensity of the 
combustion, it is customary in most cases to place a Damper 
at the junction of the flues with the chimney. This is a 
plate of iron which slides in a groove, and may either wholly 
or partially close the aperture of the chimney. Its effect 
will be obvious, from what has been stated of the draught 
of chimneys, which depends upon their height and the area 
of the space at which the smoke enters, as well as upon the 
difference of temperature of the external and internal air. 
In speaking of boilers, a method of making Dampers self- 
acting, so as to close or open the aperture of the chimney, 
in exact proportion to the heat which is required, will be 
mentioned. 
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40. It remains to speak of ihe doors of furnaces. ' These 
are usually rectan^lar, with hinges, and are fasten^' by 
latches. The material is generally cast iron, in some cases 
cast with a flaunch within to support a lining of fire brick. 
The best of all would be a double door of iron, that when 
shut would enclose a stratum of air, but the inner shutter 
would be too liable to be destroyed by the fire. 

When cleanness and neatness is desired, the whole front 
of the furnace is made of cast iron, with apertures for the 
doors and ashpit. In reverberatory furnaces, it is fre- 
quently usual to suspend the doors by a lever, to the oppo- 
site end of which is attached a counterpoise. Such an ar- 
rangement might probably be applied with advantage to 
the furnaces of steam engines. 

The form, arrangement, and distribution of furnaces, 
flues, and chimneys, depend, in a great degree, upon those 
of the boiler. Instances of those that are found to answer 
best in practice cannot be given, therefore, until the struc- 
ture of boilers has been examined. 
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BOILERS. 



Materials of which Boilers are constructed. — Figure of BoU" 
ers — Strength and Thickness of BoUers. — •Spparatus for 
showing the level of the water. — Feeding Apparatus. — 
Proof of BoUers. — Safety-Valves. — Air^Valves. — Steam 
Chtages. — Self-regulating Damper. — Common Damper and 
Megister. — Dangers arising from the fire-surf ace becoming 
bare of water. — Thermometer. — PlaJtes of fusible metal. — 
Valves opening at the limit of temperature. — Deposits of 
solid matter^ and modes of lessening and removing them. — 
Steam-pipes. — Generator of Perkins. 

41. Water is converted into vapour, for the purpose of 
setting steam engines in action, in vessels that are called 
BoUers. These are always of metal, and three different 
materials are in use for their construction : Wrought Iron, 
Cast Iron, and Copper. Wrought iron and copper are 
rolled for this purpose into plates and sheets, which, after 
being bent to the proper form, are united by bolts, driven 
through holes punched around their edges, and riveted. 
When cast iron is used for boilers, they may either be of a 
single piece, or it may be cast in separate portions, wMch 
are united by screw bolts and nuts, passing through holes 
left or drilled in flaunches. Of the two first, copper is 
most easily worked, but it is far the most expensive mate- 
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rial, and is therefore now used only in a few instances, 
where the others are, from the circumstances of the case, 
inadmissible. Copper is much less easily acted upon by 
oxygen than sheet iron ; it acts less powerfully upon the 
saline deposits that occur when sea or other impure water 
is used ; in addition, it is less liable, than either of the other 
materials, to split or crack on sudden changes of tempera- 
ture. 

Sheet iron is more tenacious than copper, but is liable to 
rapid oxidation and has frequently invisible joints arising 
from the manner in which it b manufactured. Still, how- 
ever, when the water used is tolerably pure, it is the best 
material, if we take into view the strength and comparative 
cheapness. 

The relative cost of boilers of the several materials may 
be estimated as follows : The comparative thicknesses of 
boilers to bear the same strain, are» 

For Copper, - - • 8 
For Sheet Iron, - - 3 ' 
For Cast Iron, - - - 12 

The cost of them per lb. in New-York, i$ 

Copper, ... 34ct8« 
Sheet Iron, - - - 16 *• 
Cast Iron, - - - 6 *• 

Their respective densities according to the table §9. 

Copper, - . - 8.878 
Sheet Iron, - - 7.788 

Cast Iron, - - - 7.207 
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The product of these three elements give their relative 
cost as follows : 

Copper. - - - ^ - - 906 

Sheet Iroiij 250 

Cast Iron, 522 

Or, taking Sheet Iron as the unit: 

Copper, 3.60 

Sheet Iron, - - - . i.oo 

Cast Iron, ----- 2.09 

There is another point of view under which they ought 
to be examined, which is the value of the material, after 
the boiler has become unfit for service, and here copper 
might appear to have the advantage, as it will sell for a far 
higher proportionate price than either of the others ; but 
still its depreciation in value, added to the interest on its 
cost, will be at least equal to the loss upon a boiler of 
wrought iron. 

42. In determining the proper figure of Boilers, various 
circumstances appear at first sight as necessary to be taken 
into view. 1. The power to generate steam ; 2. The ac- 
tion of their own weight to change their figure ; S. The 
pressure of the contained fluid ; 4* The action of the steam 
to burst them. Upon a more close investigation, it will, 
however, appear, that none of these, except the last, is of 
any real importance. 

The power of a boiler to generate steam, depends upon 
the quantity of surface that is exposed to heat, and ^ long 
as this is the same, neither the figure of the boiler, nor the 
quantity of water it contains, have any effect upon its 
action. 
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Boilers are liable to bend by their own weight, bnt to 
give the top the figure of an arch, and to support the boiler 
well from beneath^ obviates all difficulty on this score, ex- 
cept in boilers of the largest kind, and the most brittle metal 
has in this respect an advantage over those which are more 
flexible. The pressure of the contained water also acts to 
change the shape of a boiler ; as this force depends upon the 
product of the surface by the depth of the liquid, it increa- 
ses with the height the liquid stands in the vessel, and 
with the developement of its sides ; and under equal depths^ 
a vessel whose section is a circle will sustain the least pres- 
sure* Both of these actions may be rendered of little 
amount by distributing the water in several boilers instead 
of increasing the size of a single one. Neither of these 
influences can be compared in their amount, to the strain 
exerted by the steam which is generated within the boiler. 
This, too, varies in different species of engines. In some, 
as we shall see, the steam is condensed, and that flonnng 
from the boiler acts against the partial vacuum that is thus 
formed. The steam in this case need not have an expan- 
sive force of more intensity than the pressure of the atmos- 
phere, and it, generally speaking, seldom exceeds that linut 
by more than a few inches of mercury ; such engines are 
called Low Pressure^ or Condensing. In other engines, 
which are called High Pressure^ the steam employed never 
has an elastic force less than two atmospheres, and more 
frequently reaches four or five. Boilers of the first 
description do not usually require materials of any great 
strength, nor is it necessary in them to seek for the form 
of greatest resistance. But in high pressure boilers, it is 
of the utmost importance, not only to use a material of suf- 
ficient tenacity, but to give them the figure which will be 
the least liable to yield under the great expansive force to 
which it is subjected. 
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That figure which has the greatest strength to resist sach 
an expansive force, is one of all whose sections are circa- 
lar. A sphere is the only solid which has this property, 
and it may be advantageously used upon a small scale. It, 
however, presents too small a surface, must have all its 
dimensions increased equally, and is not adapted to receive 
flues to retain the flame*; it is therefore never employed for 
the boilers of steam engines. 

All the sections of a cylinder at right angles to its axis, 
are also circular, it therefore presents the greatest resist- 
ance to forces acting against these sections; its ends, 
however, if plane surfaces, are comparatively weak. In 
Europe, where such boilers are of recent introduction, the 
ends are made of the same material with the body of the 
cylinder, and are formed into the shape of a portion of a 
sphere. In this country, where they have been long in 
general use, the body of the boilers is made of sheet iron, 
and the ends are plane surfaces of cast iron, made thick 
enough to be of equal strength with the other material, 
and firmly bolted to it. 

The same law that affects the strength of a vessel to bear 
an internal expansive force, also regulates its resistance to 
a pressure from without. Hence, spherical and cylindric 
boilers resist all collapsion, from the condensation of the 
steam they contsdn, better than those of other figures ; and 
hence also, when flues pass through boilers, they should be 
cylindrical. 

From what has been said §30. in speaking of the action 
of fuel, it will be obvious that the heat penetrates into the 
boiler by radiation from the burning mass, or by the direct 
contact of the flame and hot air with its surface. The ex- 
terior face* of the boiler first receives the heat, it is then 
propagated in the metal by its conducting power, and it 
heats the water in contact with its interior, by causing a 
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motion among its particles. It is clear, then, that the 
quantity of water in the boiler has no influence on the 
quantity of steam that can be formed in a given time. All 
that is necessary is^ that there should be enough to cover 
the whole metallic surface, to the outside of which the heat 
is appUed. Hence the quantity of fuel consumed, the ex- 
tent of the heated surface of the boiler, and the conducting 
power of the substance of which it is made, are the only 
elements that need enter into the calculation of the quan- 
tity of steam a given boiler will generate. It is better too^ 
to depend upon actual experiment for the e£fect, than to 
deduce it from any theoretic considerations. From a meaq 
of several such experiments, it has been deduced, that six 
feet of fire surface are sufficient to evaporate a cubic foot 
of water per hour. But as the flues will communicate less 
heat in proportion as they recede from the furnace, th^ 
sum of the surfaces, of furnace and flues, ought to be eight 
feet for each cubic foot of water to be evaporated per hour, 
for low steam, and for high steam, not excee4iBg five at- 
mospheres, nine feet. 

As the quantity of steam generated, depends, then, wholly 
upon the surface of the boiler that is exposed to heat, and 
as the saving of weight is in many, cases advantageous, it 
has been proposed to use a combination of tube^ for boilers, 
which will expose a much greater surface, in comparison 
with their internal capacity, than larger cylinders ; for it is 
a mathematical law, that while the surfaces of cylinders of 
equal length increase as the diameters simply, their internal 
capacity increases with the squares of that dimension. A 
savmg may also be made in the material of which the tubes 
are constructed, for the strength of a metallic tube to resist 
an efibrt to burst it, increases in the inverse ratio of its dia- 
meter. It has also been proposed to immerse such tubes 
wholly in the flame, and inject into them from time to time, 
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a certain qaantity of water to be converted almost instantly 
and wholly into steam. Such were the ori^al boilers of 
Babcock. 

The first of these plans has a speedy limit in practice, and 
the last is wholly inadmissible, as will appear from the fol- 
lowing considerations. 

1. The presence of a conducting body in the midst of 
fhe flame, will cool the gas of which it is composed, dimin- 
isih the intensity of the combustion, and the draught of the 
cMmney. 

2. When tubes are actually heated to the proper degree, 
and no longer act to cool the flame, the flues must be made 
short enough to permit the air to enter the chimney as soon 
as it is cooled down to the temperature of the tubes, other* 
wise, instead of heating them farther, it will tend to cool 
them. 

S. The principal objection to the last plan is founded upon 
a remarkable experiment of Klaproth, which is as follows, 
viz. If a polished spoon of iron be taken and heated to a 
wlute heat, and a drop of water be let fall upon it, the drop 
divides at first into several smaller ones, which, however, 
speedily unite. This, if it be closely observed, will be seen 
to have acquired a rotary motion ; it continually decreases 
in bulk and finally explodes. A second, and a third drop 
exhibit the same phenomena, but the continuance of the 
drop upon the metal becomes less and less as the latter 
cools. One of the experiments gave the following results, 
and the others, although the absolute times of duration dif- 
fered, all exhibited a similar law. 
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The first drop remained - - 40^ 

The second, .... 20" 

The third, .... 6« 

The fourth, .... 4" 

Thefit\h, 3" 

The sixth, .... O*^ 

Perkins has recently obserred similar phenomena in the 
generator of hb en^ne. This vessel being heated red hot 
while empty, water was admitted. The elastic force of the 
Tapours was at first but small, and increased rapidly as the 
temperature of the generator was diminished. 

The explanation which has been given of this pbenome* 
non, is as follows, viz. When it occurs, the water is never 
in contact with the metal, or at least only at a single point, 
as is shown by the spherical figure of the drops, and their 
rotary motion ; a stratum of steam intervenes, which being 
a bad conductor, does not convey heat to the drop ; and 
the expansion of the drop, out of contact with the metal, 
appears to be due to a repulsion which b exerted by incan- 
descent bodies upon those which are colder. This last ex- 
planation is corroborated by another curious fact observed 
by Perkins. He adapted to his generator, by an aperture of 
one-eighth of an inch in diameter, a tube or adjutage of three 
feet in length and half an inch in diameter within ; this tube 
was closed by a stop-cock, and the safety valve loaded with 
a weight of about 700 lbs. per square inch. The genera- 
tor being heated red hot, the steam contsdned in it opened 
the safety valve, but although the cock of the adjutage was 
opened, no steam escaped by it until the temperature was 
considerably lowered. 

Thus it appears, that the rapidity of the evaporation does 
not increase with the temperature of the vessel into which 



B0ILEB8. 7^ 

tiie water is introduced. It probably does so as long as 
the water is capable of moistening the metal, which it can 
only do before that becomes incandescent, but after the 
metal reaches a c^d heat, the rapidity of the evaporation 
decreases with every increment of heat 

Tubes, into which the water is injected and thus convert- 
e4 into steam, h^vQ this additional disadvantage : the 4e- 
ponts of solid matter that fall from almost all water when 
evaporated, and which are greater in proportion as the 
wattf is impure, become harder and more compact than 
when the boiler is kept full of water ; they also adhere 
more finrcybly to iSie metal, and are more liable to corrode it. 
This method, however, has the advantage of being free 
firom all risk of explosion, and there are of course cases 
where this advantage may be worth obtsdning, even at the 
sacrifice of a considerable quantity of heat. 

It has been proposed in this country, and we have seen 
it practised in several cases, to adapt to the lower part of 
boilers, tubes communicating with them, and immersed in 
the flame. Such, too, was the form proposed by Woolf 
in England. Actual experiment has shewn that such an 
^addition has no real advantage, and when the tubes are 
constructed of cast iron, they run the risk of being broken 
liy the sudden variations in temperature to which they are 
exposed. It may, therefore, be inferred, as a general rule, 
that it is better to use cylindrical boilers of at least a foot 

^in dii^eter, than tubes of small size, whether alone, or 
communicating with larger vessels. 

43. We have stated that the most important force to 
which i>oilers, and particularly those containing high steam, 
are exposed, is the expansive energy of the steam. itself. 
The action of this force upon the sides of a cylinder is pro- 
portioned to the elastic energy of the steam, and the radius 
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of the cylinder ; and it is resisted by the cobedve force of 
the metal. 

If the ends be a portion of a sphere whose radius is equal 
to the diameter of the cylinder ; then the strain upon any 
given surface is equal to that upon the sides. 

When the ends, as is usual in this country, are plates of 
cast iron, their strength is investigated upon the principle 
of a beam, equally loaded throughout its length, and sup- 
ported at the ends. The force that will break it, is propor- 
tioned to the square root, of the pressure, multiplied by the 
square of the diameter. 

The absolute weight wMch a cubic inch of the osaal 
materials will bear without breaking is, for 



Bar Iron, 


• 


m 


lbs. 

- 64000 


Sheet Iron, - 


-- 


- 


- 57000 


Cast Iron, 


-. 


- 


- 19000 


Sheet Copper, 


- 


- 


- 40000 



It is not, however, sufficient that the boiler does not break 
under the expansive force, it must not even change its 
figure, nor must the bolts by which it is fastened give. 
These materials are in consequence much nearer in value 
than their absolute strengths would show, for cast iron will 
bear 153001bs. per cubic inch, without changing its shape, 
and wrought iron no more than 178001bs. 

The change of figure that each will support without 
breaking, is also very different ; in cast iron, the limits of 
expansion and fracture are very near to each other ; sheet 
iron will stretch before breaking from j\ to ^V f while 
copper may be expanded fths of its original dimensions. 
Another circumstance also must be taken into account, 
which is their respective liabilities to break by sudden 
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changed of temperature ; to this cast iron is very liable, 
sheet iron but little, and, copper not at all. Taking all these 
circumstances into account, we have assumed as the num- 
bers proper to represent the strength of these materials. 



lU. 

Sheet Iron, • - . . dOOO 
Copper, - - - - 6000 
Cast Iron, .... 3000 



The first being about half the stndn that wrought bears 
without changing its figure; the other two bearing the 
nearest ratio to it in round numbers, that their respective 
strengths do. 

It is also to be taken into view, that the tenacities first 
given are estimated from experiments made upon the 
metals when cold, while it may occasionally happen that 
parts of the boiler reach a red heat. Now it has been 
found from actual experiments that the tenacity of metals 
may be diminished by heating them red hot to not more than 
a sixth-part of that which they possess at an ordinary tem- 
perature The numbers last given are reduced from the 
first in even a greater ratio, and therefore are sufficiently 
small to make full allowances for this decrease of strength. 

The rules for estimating the thickness of the plates of 
which cylindrical boilers are made is as follows : 

Multiply the Radius in inches by the pressure on each 
square inch in lbs. and divide the product by the number as- 
^med above as the strength of the material, the quotient is 
the thickness in inches. 

The rules for the ends are as follows : 

If of the same material with the body of the cylinder, the 
endsy if hemispherical, need only be half as thick ; if a portion 
of a sphere whose radius is equal to the diameter of the cylin- 
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cbr, the U»o thieknestes are equal. If ^ any oiker raimf 
muUiply half the radius in inches by the pressure in lbs. md 
dimde by the cohesive force of the material. 

If the ends be plates of cast iron. 

Multiply the pressure on each square inch in lbs. by the 
square of the diameter in inches^ and divide the product iy 
Hrice the cohesive force of the material^ the square root of the 
quotient is the thickness in inches. 

Such are the rules which theoretic considerations would 
point out. We shall proceed to compare their results for a 
pressure of lOOlbs per square inch, with the practice of 
the best engineers of this country, in cylindric boilers of 
sheet iron with cast iron head. 



DfauMtOT of 

CjUadtr. 


Thickntu of 
SbMt Iron. 


TUeksMsor 
Cut IroB Hnadf. 


CaloulaUd. 


UMd. 


CtlcoIaUd. 


UMd. 


in. 
18 


0.1000 


in. 

0.1875 




i.. 
1. 


24 


0.1333 


0.1875 




Iii5 


30 


0.1667 


0. 250 




1.25 


36 


0.2000 


0. 250 




1.50 


42 

1 


0.2333 


0. 250 




1.50 



The labour of bending and shaping thick boiler plate is 
so great, and the imperfections of sheet iron increase so 
rapidly with its thickness, that, as a general rule, it may be 
stated, that the diameter of cylindrical boilers, for high 
pressure steam, should not exceed 30 inches. There are, 
however, exceptions to this rule, in the cases of steam- 
boats and locomotive engines, where it is usual to carry the 
flues through the boiler. 

When flues are thus situated, the same reason, that leads 
to a preference of cylindrical boilers, would point out that 
the form of the flues should be of that figure. The same 
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roles may be adopted for estimating their thiekness. In all 
other cases it is better to increase the number of boilers> 
than to increase their dian^eter, and even in these, we can* 
not help being of opinion that there is never any absolute 
necessity for carrying the flues through the boiler. 

An increase in the number of boilers rather than an in- 
crease in the diameter of a single one, has this farther 
advantage, that the weight of water will be much less than 
in the latter case. In increasing the diameter, the quantity 
of water, (the length of the cylinder remaining the same,) 
will inerease with the square of the diameter, while the 
surface exposed to heat only increases as the diameter 
simply. A cylinder of twice the diameter will therefore 
C^arry twice as much water as two separate cylinders, while 
it has only the same capacity for generating steam. From 
what has been said, it may be inferred, that sheet iron is the 
best material, and a cylinder the best shape for boilers in 
all usual cases. When sea water is used, copper is, how- 
ever, the only one of the three materials that can be de* 
pen&d upon to resist the action of the saline deposit. In 
low pressure engines, the cylindrical form is rarely used, 
although it has advantages even in this case. The more 
usual form is to contract the vertical section upon a rec- 
tangle, by describing a semicircular arc upon its upper side, 
forming a convex arch, and three less circular arcs within 
the remaming three sides, forming curves concave to the 
eiEterior. The lower arc is exposed to the fire, the two 
on the Sides afford space for the return flues on the out- 
side of the boiler. See PL /., Fig. 2. 

44. When boilers have been filled to the proper height 
with water, they will require a supply, equivalent to the 
quantity of hquid that is carried off* in the form of steam. 
This supply may be either admitted from time to time by 
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the engineer, when the water has fallen to a certain con- 
yentional level, or it may be introduced by a self-acting 
apparatus in such a manner as to keep the water at a con- 
stant height. 

In the first case, it b indispensable that the fireman or 
engineer should have it in his power, at any instant, to de- 
termine the height at which the water stands in the boiler ; 
and although the apparatus for this purpose is not indispen- 
sable when the boiler is supplied by one that depends for 
its action upon the state of the water itself, it is still a valu- 
able check upon the operation of the supply, and should 
therefore be adapted to all boilers. 

The most usual and most ancient contrivance for this 
purpose, consbts simply of two stop-cocks ; each of these 
b attached to a short tube ; one of them communicates 
with the boiler below the level at which it b wished to retain 
the water, the other enters it above that height. If the 
former of these be opened and steam issue, water must be 
immediately supplied ; if the latter give out water, the liquid 
stands too high. These tubes, in boilers where the steam 
has an elastic force little exceeding the pressure of the 
atmosphere, must be introduced horizontally into the sides 
of the boiler ; but where high steam is used they may rise 
vertically through its top, and afterwards bent in a horizon- 
tal direction. See PL /., Fig. 5 and 6. 

The best apparatus for this purpose, in all the cases where 
it can be employed, is a straight glass tube, open at both 
ends, which are placed in two cylindrical cups, that com- 
municate at the side with the interior of the boiler. To 
these cups the tube is cemented, and the water will stand 
in it at the same height that it does in the boiler. But this 
simple method cannot be used with safety in high pressure 
boilers, nor can it be adapted to any made of other material 
than copper. 
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Another mode is to adapt a tube, made like the pipe of 
an organ, to the boiler, the lower end of which descends 
as far as the level, below which the water ought not to be 
permitted to fall. So soon as the water does descend the 
least space below this point, steam will escape through the 
pipe, and give warning of the necessity for a supply by the 
sound it causes. In high pressure boilers, this tube cannot 
be applied, as it would become of inconvenient length. 

If a substance of convenient form, denser than water be 
taken, and be made to communicate with a lever without the 
boiler, by means of a wire passing through a stuffing box, 
it may be made just to float at the surface of the water by 
a counterpoising weight, suspended from the opposite end 
of the lever. When the water falls the floating substance 
will preponderate, and the lever will incline towards the 
wire ; when the water is too high the inclination will be in 
the opposite direction ; and these deviations of the lever 
from the horizontal position, may be marked by an index 
at right angles to it, and affixed to its centre of motion. 

45. The boiler may be supplied as often as appears ne- 
cessary from the indications of either of these apparatus, 
by diflFerent means, that must vary according to the elastic 
force of the generated steam. If the steam have a force 
but little greater than an atmosphere, a simple tube, having 
a top shaped like a funnel will answer the purpose. This 
must be inserted into the boiler through a steam-tight joint, 
until it nearly reaches the bottom, and it must be high 
enough to contain a column of water, equivalent to the 
excess of the power of the steam over the atmospheric 
pressure. The steam being at a constant elasticity, the 
water will stand in this tube at a constant height above the 
level of the water in the boiler, and if water be poured 
into it, an equal quantity must pass into the boiler. To 

11 
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adapt this to high pressare engines, a tube of inconvenient 
length would be necessary ; recourse must therefore be had 
(0 other means. 

The most simple of these is a spherical vessel, connected 
with the boiler from beneath by a tube and stop-cock, and 
dosti at top by another stop-cock, surmounted by a fun- 
nel The lower stop-cock is first closed, and the sphere 
filled through the funnel and upper stop-cock ; the upper 
ittop-cock is then shut : and, when it is known that the 
boiler needs a supply, the lower stop-cock is opened, 
thri^vich which the water will now pass to the boiler. The 
aUcrnato action of these stop-cocks, in the first instance, 
prevents the steam from escaping and from interfering with 
thr entrance of the water ; and, in the second, permits 
the water to enter the boiler, which is replaced by steam. 

The operation of such an apparatus may be facilitated 
bT making two parallel })assages through each of the cocks. 
Of^ <^f these is in each made, when the stop-cock is open, 
1^ adapt itself to a tube, which reaches from each stop- 
4^^ck nearly to the opposite side of the spherical vessel. 
Wn ihe upper stop-cock is opened, the water will enter 
tbtN'^^J^'^ the tube, and the enclosed air or steam will escape 
m tV other passage of the cock. When the lower stop- 
^1^ U opened, the water will rush through the naked 
^H^iniTi ninl steam rise to replace it through the tube. 

* ji ts^rt'ing pump may also be used to supply high pressure 

-Wip^t^ iho pressure on the piston of which must be greater 

Afrl^lV rlA*>(i(' force of the steam. A valve, by which the 

^. ^^^ pump pn>pcls, may be made either to enter the 

V-wV^ ^'^' ^'"^^ ^'^ waste, at pleasure, will then supply the 

,^V' ''■'^^ "^**>' ***^ needed. See PI IV.y Fig. 6- 

w i»1i sNiw*»* however, it is better that the feeding appa- 
ij^^l be self-acting, or, to speak more properly. 
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rtiould be governed in its operation by the level at which 
the water stands in the boiler. 

For low pressure engines, the construction of such an 
apparatus is attended with but little difficulty. 

The most obvious and simple of all, and it is equally ap- 
plicable to high and low pressure boilers, is a ball floating 
^n the surface of the water, and attached by an arm to a 
Btop-cock upon the supply pipe. This stop-cock is opened 
^hen the ball falls, and shuts when it rises. It may be at- 
tached in a low pressure boiler to a pipe, of a length suffi- 
cient to bear a column of water equivalent to the excess of 
tte force of the steam above an atmosphere, but in a high 
P'^saare engine it must be adapted to the pipe proceeding 
•^m ft forcing pump. 
This method is liable to the objection of being subject to 
S'^t, out of order, and of being out of sight and reach ; it 
^^y, therefore, fail at the moment it is least expected, 
^he floating ball may be made to act, through the inter- 
^lition of a lever and a rod, upon a conical valve in the 
^^d-pipe. 
. A floating apparatus similar to that which has already 
^^ ^en mentioned for indicating the level of water in the 
TDiler, may be made to regulate the supply of alow-pres- 
Vire boiler. In the first place, the lever there described, 
ay have its centre of motion in the axis of a stop-cock to 
^Which it is attached. In the second place, a conical valve 
^ay be attached, by a rod, to the arm of the lever that 
Carries the weight. Around this rod is a small reservoir 
t>f water, communicating with the boiler beneath by a 
pipe reaching nearly to the bottom. The conical valve is 
adapted to the junction of this pipe with the reservoir in 
such a manner as to open the communication when the 
float falls^ and close it when the float rises. See PI. IL 
Fig 8. 
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Another application of the same principle is represent- 
ed beneath. Here the float is lighter than water, and the 
friction of the stuffing box is avoided. 




The supply of high pressure boilers, as has already been 
stated, b usually effected by means of a forcing pump. 
See PL IV. Fig. 6. 

This propels, by the action of the piston a 6, a stream of 
water into a pipe furnished with two stop-cocks or valves, 
c and d, that act alternately ; by one of these, c, water is 
admitted into the boiler, by the other, dy it is allowed to run 
to waste. These valves are usually left to the care of the 
en^neer, as an apparatus to render them self-acting is ne- 
cessarily complex. We, however, give a drawing of one, 
the invention of a Mr. Franklin, that has received the 
medal of the British Society of Arts. See PL II. Fig. 1. 
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. All feeding apparatus should be sufficient to supply the 
boiler with considerably more water than it usually evapo- 
rates. Generally speaking, it is made to furnish five or 
six times as much, as it is far better that water should run 
to waste, than that there should be at any time a want of a 
fuU supply. 

It will be obvious, that a self-acting feeding apparatus 
that will act when the engine is at rest, is still a desidera- 
tum for high pressure boilers. It is in the case of steam- 
boats and locomotive engine that such an apparatus is 
almost indispensable, in order to place them wholly beyond 
the reach of danger, and to the want of it, by far the greater 
number of fatal explosions that have occurred, are to be 
attributed. 

46. A regular supply of water is not only necessary to 
keep up the flow of steam but is of great importance to 
the safety of a boiler ; we have, therefore, treated of it next 
in order to Aa material. 

Whatever precautions may be taken in the choice and 
adjustment of the strength of the material, and in giving a 
regular supply of water, it is indispensable, before a boiler 
is made use of, that it should be proved. This is necessary, 
because, the proof shows defects that would otherwise 
escape notice, particularly at the joints of the wrought 
metals, while in cast iron there are frequently cavities that 
are not seen upon the surface. These different defects 
might cause a boiler to burst with violence, if it were to be 
subjected to the action of steam, before proof had been 
performed in some other manner. This preliminary proof 
is best effected by means of the hydraulic press, or water 
pressure pump of Bramah, whose principle has been ex- 
plained on page 19. This method is, however, still defec- 
tive, inasmuch as it must be performed, if not with cold 
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water, with that which is far below the heat to which parts 
of the boiler must be afterwards subjected. 

It has been proposed to apply a pressure five or six 
times as great as the boiler is intended to bear. Nor is 
this too great a precaution, for the water proof is performed 
when cold, and we have seen that the metal is then more 
tenacious than when heated, and the proportion of six to 
one, at least, is necessary before this difference is obviated. 
If a boiler be not subjected to such a proof, it may be 
possible that when heated its limit of rupture may be reach- 
ed, before the safety valve opens. 

The water proof having been performed, the boiler should 
next be subjected to a similar trial by steam, say of twice 
the force that is usually to be generated in the boiler with- 
out causing its safety valves to act. In France, it is re- 
quired by law, that all high pressure boilers be subjected to 
a proof, five times as great as the boiler is intended to bear, 
when in service. 

47. The next precaution to be taken is, that the boiler 
be furnished with safely valves. A safety valve is a conical 
or cylindrical stopper inserted in a seat of the same shape, 
and kept in its place by a weight, equal to the most intense 
pressure that is intended to be exerted upon it by the va- 
pour, from within the boiler. When the steam acquires a 
force greater than this, the safety valve will open and per- 
mit the steam to escape ; at all inferior temperatures it 
will remain shut. Three things must therefore be inves- 
tigated in order to their preparation, viz : the size of the 
opening to which they are adapted, the load . they are to 
bear, and the most proper mode of placing them. 

The openings must be large enough to permit all the 
vapour that can be formed to escape* This may be estimat- 
ed at the conversion into steam of a cubic foot per hour 
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from every eight or ten feet of fire and flue surface. But as 
the safety-valve will probably be most needed, when the fire 
has been augmented beyond its proper quantity, it will be 
well to prepare for the escape of, at least, four times that 
quantity, say a cubic foot of water evaporated for every 
two feet of fire surface ; this is the maximum of steam that 
c^an be formed under any circumstances. 

The vapour will escape with a velocity that will depend 
upon its elastic force, but which increases much less rapidly 
than that does. We subjoin the velocities under difierent 
expansive forces. 

Table of the Velocity of Steam at different temperatures. 
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XxpamiTe force. Velocity per tecoad. 

li Atmospheres, - - - - 873 
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The quantity obtained, by multiplying these velocities by 
the area of the opening to which the valve is adapted, 
must be diminished by the constant fraction that represents 
the section of the vena contracta in fluids ; this, in such an 
orifice, is about |ths or .75. 

To determine the quantity then, that will issue by a given 
safety valve, three-fourths of its area must be multiplied by 
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the velocity under the anticipated expansive force. When 
the quantity to be discharged per second is given, the re- 
verse of the operation will give the proper area of safety 
valve. The bulk of steam generated by the evaporation of 
any given quantity of water, may be found, by multiplying 
the bulk of the water by the number representing the 
volume of steam of that temperature, on page 35. 

The weight, with which the upper surface of a safety 
valve is to be loaded, should be equal to the pressure which 
the vapour, at the maximum temperature for which the 
boiler is calculated, is capable of exerting, upon the lower 
side of the safety valve. When this expansive force of the 
steam, at the given temperature, is estimated in atmospheres, 
one atmosphere, or 151bs. per square inch, is to be deduct- 
ed from the estimate, inasmuch as the escape of the steam 
is opposed by pressure of the atmosphere itself, which 
therefore acts as a part of the weight with which the safety 
valve is loaded. Therefore to find the weight : 

The area of the safety valve in square inches must be mul' 
tiplied by 15 times the number of atmospheres^ to which the 
expansive force of steam at the given temperature is equivcUent^ 
less one, the product is the weight in pounds. 

The weight in most cases acts upon a lever of the se- 
cond kind, by the intervention of which the pressure is in- 
creased. As^the foregoing rule gives the pressure that 
ought to act upon the safety valve, the weight that is sus- 
pended from the lever must be diminished, in the ratio by 
which the whole length of the lever exceeds the distance 
between the fulcrum of the lever, and the safety valve. 

The number of atmospheres, to which the expansive 
force of steam, at diflferent temperatures, is equal, may be 
found by the table upon page 34. 

There is a curious phenomenon which occurs when 
steam issues from a safety valve, or other orifice ; the tern- 
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perature of the vapour just without the opening, is lower, 
the higher the tension of the steam is within the boiler. 
Thus steam issuing from a boiler, the water within which 
is at 212* , scalds the hand, while if it had a tension of seve- 
ral atmospheres, the heat would be easily borne without 
injury. This phenomenon, which at first sight appears al- 
most paradoxical, grows out of the rapid dilatation of dense 
steam, and the consequent increase of its capacity for 
specific heat. The greater the tension, and consequent 
density of the steam, the greater will be the diminution of 
temperature. 

Safety valves, generally speaking, are of the figure of a 
frustum of a solid cone, ground to fit a hollow frustum of 
an equal hollow cone. They may, as has been stated, be 
pressed down by a weight, acting directly, or through the 
intervention of a lever. In the former case, the weight 
may either hang from the valve within the cylinder, or be 
fastened to its exterior surface. A valve of this description 
furnishes a COBstant pressure, and ought to be adapted to 
the highest temperature the boiler is intended to bear. If 
it act by means of a lever, the pressure of the weight, when 
at the extremity of the lever, ought to be equal in its action 
to the same maximum tension ; but, by making it act nearer 
to the fulcrum, its action may be made equivalent to the 
expansive force of steam of lower temperatures. The lat- 
ter is, therefore, best adapted to the case where the action 
of the boiler is left to the discretion of the fireman ; while 
those where the weight acts directly, may be enclosed and 
kept beyond his reach. 

On Plate I. are to be seen several varieties of the safety 
valve. Fig. 10, is a conical valve, whose weight is sus- 
pended beneath it, and hangs within the boiler. Fig. 11, 
is one, also conical, whose weight lies above it, and without 
the boiler. Fig. 12, is another of the same shape, and bear- 

12 
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of the disk, having a conical vacuum beneath, and in 
consequence of the well known fact, that there is a lateral 
communication of motion from a current of a fluid to neigh- 
bouring portions of the same or other fluids, the air above 
the plate moves towards it in order to join the stream ; 
the vacuum beneath, and current from above, united, 
retain the disk at a constant, but small distance, from 
the plane in which the orifice is pierced. It has been found 
that the escape of steam is attended with similar phenome- 
na. Still, however, in conical safety valves, if thin, there 
is no reason to apprehend any danger from this source. In 
those of the usual form, the increased resistance growing 
out of this cause, will not exceed one-twentieth of an at- 
mosphere, or three-fourths of a pound upon each square 
inch. But were the valve to have the form of a frustum 
of a cone, whose height is great in proportion to the aper- 
ture, the resistance might become enormous, and, in the 
case of some experiments that were made in reference to 
this subject, it amounted to upwards of thirty atmospheres. 

However carefully a safety valve may have been con- 
structed, it may notwithstanding cease to act, in conse- 
quence of rust, which will fix it to its seat. This is much 
more likely to happen when it has been long shut, but may 
occur even to valves in frequent action. Still, however, 
to open the valve from time to time, is the best preventa- 
tive, for a safety valve, that has remained closed for a week, 
no longer deserves the name. 

Large boilers of but little strength, as employed for gene- 
rating low steam, are sometimes exposed to a danger of 
an opposite nature. When the fire is extinguished, the 
steam within will be condensed and a partial vacuum form- 
ed, the external atmosphere will now act, and may cause 
the boiler to collapse. It has been proposed to remedy 
tins defect by an air valve. A conical valve opening in- 
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wards, and kept in its place either by m counterpoise, or a 
weak spring ; if either of these be fittie more powerfiil 
than the weight of the Talre itself, they will keep it in its 
scat, so long as the tension of the steam within exceeds 
that of the atmosphere ; hut when the latter becomes the 
most powerful, the valre will open and adnut air. 

40. Lest the safety valve or valves, should by some ac- 
cident become fixed to their seat, it is important that there 
should be some means of determining, at any moment, the 
clastic force of the steam within the boiler. Apparatus for 
this purpose are called Steam Guages. The simplest form 
of these, is a bent tube, the two branches of which are par- 
allel ; one of these branches is open to the ^r, the other is 
bent in such a manner as to be adapted to an opening in 
a part of the boiler above the level of the water it contains, 
or to the steam pipe, and is soldered or sealed to it in 
such a manner, that steam cannot escape by the joint ; this 
tube, if empty, would permit steam to escape through it, 
'^)ut mercury is poured in to fill the bend, and rise some 
nches In *h hraurh of the tube. When the expansive 
forcr t)rthe contained steam is just equal to an atmosphere, 
the lunvury will stand at equal heights in each branch of 
thi* tubr ; whon the pn^ssure increases, the level of the 
u^tMouvv, in tho branch nearest the boiler, will be depress- 
imU ti\\\\ \\\M in the open branch raised ; the sum of the 
!\vh v\\\\fs\ vt\an^os of level will be the measure, in inches of 
m»»VrnH'4 \s{ «h»* expansive force. As the changes of level 
\\\ \\\\* \^\\ \^)h^w\\pn are equal, it is suflBcient to measure 
\\\M »U \\w m\t^v U\hf^. alone ; this is done by a scale on the 
M\\\*i \{ S\\\^ \\\\\p tm of glass, but if of iron, by placing in it 
^W \\s\\\ \\\\\ ^bit»b (limfs upon the mercury ; and which just 
^v^rtvihv^* »b»i \\\\\ wt |bf> tube, when the two columns of that 
\\\\\A HV*i vM \^\\\\w\ hi»lnht. The tube, or rod, is graduated 
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by Ariaoii iato Uf imIks^ eiA of wiaA c o iwayc M w k to 
a diffneiicc in the tvo leTek cuf m whole uicK» die doitielli 
part of an atnM^phere, or Inif m poond upon efech sqiMire 
inch of smfMCCy orer and aboTe one atmcispliei^ W<n^ 
the gnase to be OTtdnated to inches, each inch wonM cor» 
respond to one poond of internal ptessuTe^ t^ainst the 
weight with which the safety xalTe is kMvdled. A guikge of 
tins form is represented on Pf. /.» JF^. 7. By adding to 
the length of both branches of the tube, making it of n 
strong material, and increasing the quantity of mercutj^ 
this guage may be fitted for steam of any elastic force, but 
it m^t in that case become incouTement to obsenre its in« 
dication by means of a graduated rod« In such case% n 
float of iron may rest on the surface of the mercury in the 
open branch, and be attached, by a cord passing over n 
pulley, to a counterpoise ; the ascent and descent of 
which, along a graduated scale, would mark the difference 
of level, upon the same principle as the rod. 

A straight tube, inserted nearly to the bottom of a close 
cistern, that comrounicates at top with the steam of th 
boiler, and which contains a mass of Merc^*j(i]y,.wi]l als^ 
answer this purpose. If the surface of the cistern be large 
in proportion to the area of the tube, the change of level 
within it may be neglected, and the height of the mercury 
in the tube measured in inches. See Plate L Fig. 8. 

The steam guage may be made to act as ^n additional 
safety valve. In this case its height must not exceed that 
which will measure, in a column of mercury, the maximum 
pressure the boiler is intended to bear, and the top must be 
widened into the form of a funnel, sufficiently large to 
contain all the mercury with which the tube is supplied. 
Such an apparatus, with the arrangement of float and 
counterpoise sliding in a scale, is represented PI. I. Fig. 8. 

A guage for a high pressure boiler may be made by im- 
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mersing the lower end of a glass tube in a basin of m^^* 
cury ; the upper end of the tube is cloised, and it contaixis 
atmospheric air. The basin of mercury is enclosed la ^ 
case communicating with the boiler. The steam, acting oT^ 
the surface of the mercury, will force it up the tube att« 
compress the air, and the space that it occupies, bein^ 
according to the law stated on p. 24, inversely as the pres ^^ 
sure, will show the tension of the steam. Such a guag^ 
b represented at Fig, 8, on PL /. 

50. Should the fire be more intense than is consistent 
with a regular supply of steam of the required temperature 
and pressure, an apparatus has been contrived to moderate 
its action, by the very increase in elastic force which it com- 
municates to the steam. This is called the self-acting or 
self-regulating damper. Hitherto they have only been ap- 
plied to boilers, containing steam of so small an elasticity 
as to be capable of being supplied with water by an open 
feed-pipe, as described § 45. 

The water stands in this pipe, at a height above that in 
the boiler, which depends on the difierence between the 
elastic force of the steam, and the pressure of the atmos- 
phere. A plate of iron, sliding in a vertical groove at the 
throat of the chimney, is attached a float resting on the 
surface of the water in the feed-pipe by a cord passing 
overpullies; when the float rises by an increased action 
of the steam, raising the water in the feed-pipe, the damper 
will descend, and when the float descends, the damper will 
be raised. It will, in the former case, lessen, and in the 
latter, increase the aperture of the chimney, and' the 
draught will vary with the size of the aperture, as has al- 
ready been stated. Such an apparatus is represented as 
attached to the boiler, Fig. 1, PL /, n is the float, o the pully. 
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51. In addition to a self-regulating damper, there should 
be another, to be worked by hand as occasion may require ; 
^1 and in order to place the fuel completely under the control 
of the fireman, the passage by which air is admitted to the 
ashpit, ought also to be capable of being opened and shut 
at pleasure. Doors and valves for this purpose should 
therefore be provided, and the apparatus is called a Regis- 
ter. 

52. There are dangers, however, to which boilers are 
'• exposed, against which safety valves and self-acting 
dampers present no security, and of which steam guages 
give no notice. As a general rule it is no doubt true, 
^^at the temperature and tension of vapour bear a con- 
stant relation to each other ; but it may so happen that 
steam, after being generated, is raised to a high tempera- 
^re without exerting a proportionate expansive force. 
*^hus if a portion of a boiler should acquire a heat greater 
^*ian the water contained in the other parts, as it may do 
^lien not covered with water, the steam will receive an 
^Xcess of heat without acquiring a proportionate elasticity. 
In experiments made by Mr. Perkins, steam was heated to 
a temperature at which, if of a corresponding density, it 
ought to have exerted a force of 56000 lbs. per square 
inch, but which did not exert a pressure of more than 150 
lbs. The reason is obvious, for it was enclosed in a sepa- 
rate vessel, and its quantity remaining constant, it did not 
increase in density. Had, however, a small additional 
quantity of water, heated under pressure to a high tempe- 
.rature, been injected, it might be inferred, that the steam 
would have acquired the density, necessary to enable it to 
exert the force corresponding to its temperature. Perkins 
also established the truth of this inference, by actual experi- 
ment. Water was heated m one of his generators, the 
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safety valve of which was loaded with a weight of 60 atmos- 
pheres, to a temperature of upwards of 900®; a receiver 
was prepared, void of both air and steam, and heated to 
upwards of 1800®; a small quantity of water was then 
made to pass from the generator to the receiver ; this was 
instantly converted into steam, whose heat was sufficient to 
inflame the hemp that coated the tube, at a distance of 10 
feet from the generator; its temperature was therefore 
estimated at not less than 1400® . In spite of this high tem- 
perature at which the steam was formed, its pressure did 
not exceed five atmospheres. But by injecting more water, 
although the temperature was lessened, the elastic force 
was gradually increased to 100 atmospheres. In phenome- 
na of this description we may find the cause of many ex- 
plosions that cannot be explained on any other principle. 

If we suppose, that the supply of water is impeded or 
checked altogether, the level of that in the boiler must de- 
scend, and parts exposed to the action of the fire may be- 
come dry ; such parts may then be heated far beyond the 
temperature of the water beneath ; and the vapour may be 
rendered by them sufficiently hot, to make other parts of 
the boiler luminous. If by any cause, the water from be- 
neath be brought into contact with the vapour and heated 
surfaces of the boiler, it will be instantly converted into 
steam of great expansive force, and in quantities for which 
the usual safety valves are not sufficient to provide an 
escape. An explosion must therefore ensue. 

The water may be brought into contact with these heated 
parts of the boiler, or with the hot vapour, by the very 
means that in other cases would be applied to diminish the 
danger. Thus if the safety or throttle valve should be 
opened, the water, which was before boiling quietly, will 
suddenly rise with violent ebullition, or if the feeding ap- 
paratus begin again to act, the level of the water will be 
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tadsed. In both cases, a contact will take place with the 
ted hot surfaces, and with the intensely heated steam. 

This is in truth almost the sole cause of the explosion of 
boilers, whether of low or high pressure. When they give 
. way under the force of the steam alone, dangerous con- 
L sequences appear to have rarely happened. We have 
m- ourselves been twice in steam-boats, working with steam 
[ of not less than an atmosphere and a half, when the boiler 
I bas given way, and in neither case was the accident known 
: to the passengers, except by the stopping of the machinery. 
The wrought iron boiler of a high pressure engine, work- 
ing with steam of the tension of six atmospheres, gave 
Way recently in a manufacturing establishment in the 
city of New-York, and the only bad eflfect was the extinc- 
tion of the fire by the efilux of the water. 

At Paris, the lower part of a boiler of cast iron, working 
With steam of the same force, gave way, and no other bad 
consequences followed. 

In all cases, where fatal accidents have occurred, the ex- 
plosion appears to have been due to other causes, than the 
mere expansive force of the steam that would be formed 
^^hen the boiler is in proper order and supplied with water. 
In the late fatal accidents of the Chief Justice Marshall 
and Helen McGregor, the explosions took place after delay, 
at stopping places, and followed almost instantly the open- 
ing of the throttle valve, to set the engine again in motion. 
In the former, where the main internal flue gave way, the 
safety valve was either open, or had just been closed ; one 
of the persons on board remarked a peculiar shrillness in 
the sound of the escaping steam, that can only be ascribed 
to its being intensely heated, without having a correspond- 
ing density ; another observed that it had a violet hue, 
which may perhaps be explained by supposing it to have 
been heated until it would have been luminous by night. 

13 
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In opposition to the opinion that the water had fallen too 
low and left the flues hare, it was stated hy the captain, that 
the guage cocks had been tried, hut on examining the hoiler 
it was found that they were situated on the side of the 
boiler nearest the landing, and it is well known that on such 
occasions, the influx of passengers to that side is often so 
great as to change the level of the boat so much as to 
render the guage cocks, when so situated, useless. 

It is also possible, that the fireman who was by no means 
skilful, may have mistaken water of condensation in the 
tube, for that coming from the boiler. This last mistake 
is one that ought to be carefully guarded against, by leav- 
ing the cock open several seconds. 

Of the intense heat that steam sometimes attidns, even 
without causing explosion, the following instance may be 
cited : the packing of the piston of a steam-boat, working 
with steam of a tension no greater than an atmosphere and 
a half, burst into flame on opening the cylinder, at least 
half an hour after the fire had been extinguished. Here it 
is evident, that finy mixture of heated water with this steam 
might have caused explosion. 

Boilers, when the fire is made within, or when the return 
flues pass through them, are obviously far more subject to 
accidents arising from this cause, than those heated from 
without ; low pressure boilers are as liable to them as high, 
and it is confidently believed that very many explosions are 
to be attributed to this cause, against which the usual 
safety apparatus furnishes no protection. To pay the 
greatest attention to keeping the feeding apparatus in order, 
and to have the means of ascertaining at every moment 
the height of the water in the boiler, are the surest means 
of defence, but as the first of these may fail and does not 
act in many boilers after the engine is stopped ; and as the 
second depends upon the faithfulness of the engineer, or 
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tnay also be clogged, tfnd cease to give true indications ; 
QtW means have been proposed. 

53. The first of these is a thermometer^ inserted through 
^ collar into the part of the boiler occupied by the steam, 
find which will therefore indicate its temperature. It must 
fce made to mark the higher temperatures only, and may be 

^aduated by a standard instrument, in a bath of hot oil. 
T'hia is, however, but a fragile instrument, and may also be 
Neglected by the workmen. 

54. Another method which promises to be effectual in 
**^5iny cases, is to form a part of the boiler of a plate of 
^^ctal fusible at a comparatively low temperature. Such 
^^ an alloy of bismuth, lead, and tin, by varying the propor- 
tions of which a considerable difference in fusibility may 
^^ attained. They ought to be of such a mixture as not 
^O melt, until heated beyond the temperature assumed as 
^lie limit of the heat to which it is ever desired to raise the 
^team, but fusible at one considerably below that at which 
the boiler becomes red hot. From 20® to 40® above the 
teaximum heat the steam is meant to attain, will be well 
Suited to the purpose, for they will then melt before any 
part of the boiler can become red hot These plates must 
be adapted to the upper part of the boiler, and be of course 
in contact with the steam ; they are inserted at the end of 
tubes fitted steam-tight to the boiler. As they are apt to 
soften long before they melt, they ought to be covered by a 
diaphragm of wire gauze. When thus protected, they 
have been found not to give way until they actually melt 
As different parts of the boiler may acquire different tem- 
peratures, two such plates will be needed upon its outer 
surface, at the two ends ; they ought to be as near to the 
body of the boiler as possible. When flues pass through 
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the boiler we conceive that it would be a proper precau- 
tion to furnish them also with plates, of this description, 
but in this case, the metal might be less fusible, and lead 
unalloyed would suffice. 

When fusible plates are not used, and when from a 
thermometer, or from other appearances there is reason to 
apprehend that the water has fallen too low in the boiler, 
and that the temperature of parts of it have been raised 
to a dangerous degree of heat, the only means of safety, 
are to check the draught of the chimney by the damper, 
to lessen or extinguish the fire as soon as possible ; or even 
to procure rapid cooling by pouring water on the surface 
of the boiler. A damper kept open by the action of the 
engine, and closing the instant it stops, would have a good 
efiect, and might be easily adapted to a centrifugual ap- 
paratus. 

55. It has been proposed, as a mode of securing safety in 
cases of great increases of temperature in the upper part 
of the boiler, to provide safety valves that would open at 
the limit of temperature beyond which danger might ensue. 
A safety valve of the usual form, but loaded with a great 
weight, and placed upon a tube containing a cylinder of 
metal, will answer this object ; let the metallic cylinder be 
supported from beneath, and of such a length that the 
dilatation by heat shall bring it in contact with the safety 
valve at the required temperature ; any further increase of 
temperature will open the safety valve, and permit the es- 
cape of the steam ; its action is certain, for the expansive 
force of the metals when heated is capable of overcoming 
the most powerful resistances : but it is rather to ' be used 
as an indicator of the necessity of moderating the fire, and 
putting the feeding apparatus in order, than as affording 
perfect security from explosion. 
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It is in truth difficult to point out methods that are of 
themselves entirely to be relied upon to prevent explosions. 
However perfectly a boiler may be constructed or furnished 
with safety apparatus, it will still depend much upon the 
carefulness and intelligence of the persons entrusted with 
its management. One thing, however, appears certain, 
although contrary to general belief, that as the most usual 
causes of explosion affect low pressure boilers equally with 
those which generate high steam, the latter are not more 
subject to accidents than the former. There are precau- 
tions, however, which, if resorted to, may diminish the risk 
of such accidents in a very great degree ; so far, indeed, 
that without the greatest carelessness, they cannot occur. 
These may, perhaps, be recapitulated to advantage. 

1. Cylindrical boilers, without any return iBue, either 
without or within, are safer than any others. 

2. Internal flues should be avoided wherever it is possi- 
ble, and especially the chimney, or vertical flue, should 
never be permitted to pass through the boiler. 

3. Every boiler should be furnished, in addition to the 
Usual safety valve, with one not under the control of the 
fireman. 

4. All boilers should be furnished with guage cocks, or 
other apparatus, to shew the level of the water, and these 
should be so placed in steam boats, that no error in their 
indication can take place when the vessel heels or rolls. 

S.^Plates of fusible metal should be provided, of a cojnpo- 
sition melting so far above the usual temperature of the 
water and vapour, that they will not open on any ordinary 
occasion, but will give way before they attain a temperature 
that can be dangerous. 

6. A thermometer should be introduced into the boiler, 
whose indications may be seen from without. 
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T. Self-acting feeding apparatns should be adapted to 
the boiler, by which water will enter and keep the flaid 
within at a constant level, and this should depend upon the 
waste of water and not on the action of the engine. It 
unluckily happens that no such apparatus has yet been 
contrived for high pressure engines, nor indeed for any 
where the tension of the steam exceeds li atmospheres. 
Neither are they always applied even to low pressure 
engines. 

8. The chimney should be provided with a damper by 
which the draught of the flues may be suddenly checked, 
and doors should, if possible, be placed upon the ashpit. A 
damper that would close as soon as the engine ceased to 
move, would be of great service in tessening the liability to 
explosion, and this does not appettNlobe difficult of attain- 
ment. 

9. The proof of the boiler should be conducted with the 
greatest care, first with water, at a pressure five or six 
times as great as the boiler is intended to carry, and after- 
wards with steam of twice the proposed tension. The 
water proof should be repeated from time to time, and 
every part carefully examined to ascertain that all the 
safety apparatus is in working order. 

Few or none of these precautions are usual in our Amer- 
can steam-boats : The boilers, even if cylinders, have both 
internal flues and furnaces, and the vertical chimney fre- 
quently rises in the boiler ; there is never more than one 
safety valve ; plates of fusible metal are unknown ; the 
feeding apparatus is merely a forcing pump, which is turned 
on or thrown off* at the pleasure of the engineer, and which 
does not act at all at the time the engine is not in motion ; 
but a very few steam boats have dampers upon their flues ; 
and the proof is wholly a matter between the maker and 
proprietor, and for its proper performance the public have 
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no guarantee. Thus of all the precautions that have been 
proposed in order to insure indemnity from explosion, but 
two are in use among our steam-boats ; namely, the safety 
valve and the guage cocks ; the former being still subject to 
(he caprice of the persons employed, and the latter having 
an uncertainty in their indications, both when the boat in- 
clines to either side, and when they contain, as they most 
frequently will do, water of condensation. Need we won- 
der ,that explosions have become frequent, and that they 
ha.ve produced the most fatal consequences 1 

The means which are used are not certain to insure safe- 
ty^ even where the care of the olGcers of the vessel, and of 
tbc persons employed pibout the engine, is unremitting, and 
Ux^cted by the utm(Nit4Dtelligence, and hence dangerous 
ac^cidents occur without giving rise to blame, and thus di- 
iKi.i.ni8h a proper feeling of responsibility. On the other 
I^Qoid, were the list of precautions that we have given, to 
t>^ completed by -a self-acting feeding apparatus, indepen- 
dent of the action of the engine, for a high pressure boiler, 
w-e conceive that no accident could possibly happen where 
tbey are employed, except through the grossest carelessness 
a.nd mattention. 

Should it appear that the feeding apparatus does not act 
to supplj^ as much water as is evaporated, the damper, 
should be closed, and the boiler even cooled by the gentle 
application of water from without ; but it will always be a 
Bure source of danger to inject water in abundance, or even 
to open the safety valve after the water has once fallen 
below its proper level, and before it is ascertained that nei- 
ther the temperature of the steam within, or of the sides of 
the boiler, are such as to cause a sudden conversion of the 
water that comes into contact with them into steam. 
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56. There is another species of danger which aris- 
from the deposit of solid substances. Almost every ki 
of water that is used for boilers, contains more or le» 
earthy and saline matter. The constant evaporation l 
replaced by new supplies of the same impure water, an 
the soluble portion or mechanical impurity is consequently 
accumulating. The soluble parts become greater in quanj 
tity than the contained water can hold in solution, and thes^ 
deposited, along with those that are merely suspended 
Crusts thus form on the lower part of the boiler, and th 
surface covered by them, being no longer in contact with th 
water, may be heated red hot, and may be corroded in con 
sequence of the property that some of the^ salts have, o 
being decomposed by the metals at a red heat. The boile 
will become weak in these places and be liable to burst. It 
hence becomes necessary to cleanse the boilers frequently ; 
for this purpose, as well as for examining the interior, an 
opening is made in the boiler, large enough to admit a man. 
This has a cover, which, when the boiler is in use, is fast« 
ened down by screw bolts and nuts, and is packed in such 
a manner as to be steam-tight. This opening is called the 
Man-hole. 

These deposits become more frequent and copious when 
.sea-water is used, and it has been found necessary, in 
consequence, to cleanse the boilers of steam-boats that 
navigate salt water, at least once a week. 

When the water is fresh, and the deposit principally 
consists of sulphate of lime, as is the case with hard pump 
waters, vegetable feculje will suspend the impurities. To 
furnish this, potatoes may be thrown into the boiler, in the 
proportion of half the weight of bituminous coal that is con- 
sumed per hour. This quantity of that root once added, 
furnishes starch enough to keep the earthy matter suspend- 
ed by the water, for a long space of time, and it has not 
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leen found necessary to cleanse boilers when this addition 
is used, oftener than once a month. It is not known 
'whether the same method will be effectual in preventing 
the saline deposits of sea water. 

57. It merely remains that we should speak of the pipes 
ly which the steam is conveyed from the boiler to the 
engine. The size of these will depend on the quantity of 
steam the boiler is intended to furnish, the resistance the 
j)ipe itself opposes to the passage of the steam, and the loss 
^f heat« 

Steam issues into a space containing atmospheric air 
"^ith the velocities given in the table on p. 87. The veloci- 
'Cies with which it rushes into a vacuum are as follows, viz. 

^able of the Velocities with which Steam flows into a Vacuum. 



Force of Steam. 

1 Atmosphere, 

2 do. 


- 


- 


- 


Velocity per second. 

- 1908 

- 1977 


3 




do. 


- 


- 


- 


. 2006 


4 




do. 


- 


- 


- 


- 2022 


5 




do. 


- 


- 


- 


- 2038 


10 




do. 


- 


- 


- 


- 2098 


15 




do. 


- 


- 


- 


. 2121 


20 

^— 




do. 








- 2141 



It will be seen from this table that the velocity of eflSuent 
steam increases very slowly with increase of temperature. 
This grows out of the fact that the density of vapour in- 
creases under ordinary circumstances^ nearly as fast as its 
elastic force. Did both follow the same law, the velocity 
would not increase at all ; but the weight of steam expend- 
ed by a pven orifice, increases rapidly, for the density of 

14 
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hot steam is much greater, and the weight that passes out 
is in the compound ratio of the density and the velocity. 

The table on page 87 gives the velocity for high pres- 
sure engines, for they, as we shall see hereafter, are re- 
sisted by the pressure of the atmosphere. The table just 
given contains the velocities for condensing engines. Both 
of these, however, require a correction for the friction, and 
the loss of motion by cooling, but for these it is impossible 
to give any general rule. A method that has been found 
to succeed in practice is, to make the orifice, or nozzle, by 
which the pipe communicates with the engine, such as 
would be calculated from the velocities of the tables, and 
to make the rest of the pipe larger. The greater the dis- 
tance the steam has to pass, the larger should be the pipe, 
and to prevent the loss of heat growing out of the increa- 
sed surface, the metal should be kept bright, in which state 
it will be a bad radiator of heat. 

The principles for calculating the area of the orifice by 
which such pipes communicate with the engine, and the 
surfaces of safety valves are therefore identical, we shall, 
in order to render them more intelligible, reduce them to 
the form of a Rule. 

To find the area of the passage by which steam shall 
reach the engine from the boiler in which it is generated : 

Divide the quantity of water in cubic inches evaporated per 
houry by 3G00, {the number of seconds in anhour^) multiply 
the quotient by the volume of steam of the given temperature^ 
from the table on page 35 : This will give the number of cubic 
inches of steam that must pass per second. Divide this by the 
velocity per second^ taken in the cases of high steam pipes^ 
from the table on page 87, and in the case of low steam pipes 
from the table on page 1 05. The quotient is three-fourths of 
the required area^ whence the diameter of the circular section 
can be obtained in the usual manner. 
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A very beautiful and ingenious boiler, to be heated by 
anthracite coal, has recently been adapted to a locomotive 
engine by Col. Miller, of Charleston, S. C. The boiler is 
a cylinder, placed in a vertical position, and terminated by 
a truncated cone. The fireplace is an inner concentric 
cylinder, terminated at top in a dome. Through this, pipes 
pass, to convey the current of heated air that has passed 
through the Aimace, and these unite in a single chimney, to 
which the upper edge of the truncated cone, that forms the 
upper part of the boiler, is rivetted. To increase the fire- 
surface, tubes, with hemispheric bases, descend from the 
dome into the furnace. This boiler has been found, by ac- 
tual experiment, to generate more steam with an equal 
quantity of the fuel, than any other to which that species of 
combustible has been applied. We deem it due to justice 
to state, that Mr. John Stevens, of Hoboken, communi- 
cated to us, some years since, a plan of a boiler on similar 
principles, that we do not doubt would have been equally 
efficacious, but the actual execution by Col. Miller was 
made without any knowledge of the plan of Stevens. 

68. Besides boilers of the kinds we have mentioned, Mr. 
Perkins has recently proposed one upon very different 
principles, which, for the sake of distinction, is called a 
Oenerator. It is a strong vessel, completely filled with 
water, which is heated to a very high temperature, and 
prevented from being converted into steam by the strength 
of the vessel and the pressure upon its safety, valve. A 
small quantity of water is flashed in from a forcing pump, 
which causes the escape of an equal quantity, that is 
instantly converted into steam of high temperature and 
consequent elasticity. As it is our intention to confine 
ourselves to forms that have actually come into general 
use, and as the generator of Perkins is still a subject of ex- 
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perimenty it does not enter into our views to describe it 
more particularly. 

On Plate I. will be seen various forms of boilers. 

Fig. 1 and 2, are a longitudinal section and front eleva- 
tion of the low pressure boiler of Watt, together with its 
lumaoe. 

aaaay body of the boiler. 

6, furnace, with its grate, c, ashpit. 
d ddy iSues. 

€, man hole, for entering the boiler to cleanse it. 

/, steam pipe, g, steam guage of the form shewn on a 
larger scale at Fig. 7. 

hf safety valve of the form shewn at Fig. 12. 

i, float of the feeding apparatus. 

k fc, lever of the feeding apparatus, I, valve of the feed- 
ing apparatus. 

m, supply cistern fed by the hot water pump of the engine, 
below thb is the tube that conveys the water to the boiler, 
and which contains the float n of the self-acting damper. 

0, puUies of the self-acting damper p, 

7 , feed pipe. 

1* r, guage cocks. 

Fig. 3. is a transverse section of a cylindrical boiler, 
the same letters are employed to designate such of the 
parts as are represented. When used for low steam all the 
ptris represented in the preceding figures, may be applied 
with equal facility to it. The faint circle within, shews 
how the return flue might be made to pass through this 
boiler. 

Fig. 4, is a cylindrical boiler with internal furnace and 
flues. 

On PI. VII. may be seen an outside view of a^low plressure 
boiler for a steam-boat ; this has an interior fumace and 
flues. 
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On PL VIII. is a plan and section of an English steam- 
boat boiler. 

On PI. VI. are end views of a pair of cylindrical boilers 
for a high pressure engine ; and on PL IX. a cylindrical 
boiler for a locomotive engine. 

This last is, however, objectionable on account of the 
great weight of water that it contains, and its want of 
strength. 

Having thus explained the structure of the -boiler, and 
of the various accessaries with which it may be furnished, 
in order to render its action more regular and safe, we shall 
next proceed to treat of the action of steam as a mover of 
machinery, and of the different forms of engine that are at 
present in use. 
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CHAPTER IV. 

GENERAL VIEW OF THE DOUBLE-ACTING CONDENSING 

ENGINE. 

Of Prime Movers in general. — Principles of the action ofMa^ 
chines. — Modes of applying Steam as a prime mover^--^ 
•Application of Steam to the Double-^Acting Condensing 
Engine. — Modes of removing Water of Condensation and 
Vapour, — Modes of changing the reciprocating Retilinieal 
Motion of the Piston Rod into a reciprocating circular mo^ 
tion. — Method of changing the reciprocating circular motion 
into a continuous one. — Mode of regulating the varying mO" 
Hon of the Engine and making it produce one with uniform 
velocity. — Other methods of obtaining a rotary motion. — 
Effect of the joint action of two Engines. — Water used to 
produce condensation. — Water that has been employed ki 
condensation applied to feed the boiler. — Manner of ascer" u 

tidning the state of the Vacuum formed by condensation. — ■. 

Mode of regulating the supply of Steam. — Accumulation of I 

Steam in the boiler^ and mode of preventing it. — Double^ 
acting, condensing Engine considered a$ self-acting.'-^ 
Packing and Cements.'-Estimate of the power of the double^ 
acting Condensing Engine. — Estimate of the quantity of 
water evaporated for each unit of force. — Estimate of the 
supply of water for the boiler. :r 

59. The agents which we employ for the production of 
mechanical effects through the intervention of machinesi ^ 
maj be divided into three classes. 
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1. The nmscular force of man and Uving animals ; 

2. The force of gravity producing the descent of heavy 
bodies, whether solid or fluid ; 

3. Heat, applied either to change the volume of bodies 
that do not change their mechanical state during its actioDi 
or to convert bodies into elastic fluids^ acting with a power- 
ful expansive force. 

To the second of these classes, we refer the force of 
running water, descending in channels to find the lowest 
accessible level ; to the third, the currents of the atmos* 
phere or wind ; and the more powerful agency of inflamed 
gunpowder, and of liquids converted into steam. 

60. Machines are instruments by which we change the 
direction or intensity of the moving force. They can all be 
reduced to six simple forms, called Mechanic powers, and 
these again to two still more simple modifications. In their 
action there is but one principle involved, which is as fol- 
lows : The product of the moving force^ estimated in some 
conventional unit, into the space through which the point to 
which this force is applied, is^ in all cases, equal to the sum 
of the products of all the resistances into the spaces described 
by their respective points of application. 

This principle has two distinct cases ; in the first, the 
machine is at rest, or in equilibrio, under the action of the 
power and the resistances. In this case, the points of ap- 
plication must be supposed to move, and the space em- 
ployed in the calculation is that through which they would 
move, without altering the conditions of equilibrium. The 
principle is, in this case, called that of Virtual Velocities. 
In the second case, the machine moves with uniform velo« 
city under the action of the opposing forces, and is said to 
have attained a state of permanent working, or to be in 
dynamical equilibrium. 
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A machine passes from the state of rest, in consequence 
of the condition we have stated being Tiolated, and the 
moving power acquiring a preponderance over the resist- 
ances. It leaves the state of rest gradually, and therefore 
moves at first with accelerated velocity, the condition we 
have stated, so long as this acceleration is going on, no 
longer holds good, and there is one case in which the ac- 
celeration might continue as long as the motion. This is 
when a force is capable of acting with equal intensity upon 
a body at rest and upon a body in motion. Of the three 
classes of forces we have mentioned, gravity is the only one 
that thus acts, and it is limited by the check that the mo- 
tion meets, in consequence of the body acted upon reaching 
the solid mass of the earth, the resistance of which speedi- 
ly brings it to rest. But even in the case of this force, the 
hbdies that are propelled by it meet with resistances, that 
may finally render their motion uniform. Thus a stream of 
water, although propelled by the force of gravitation, moves 
m a pipe or channel of constant section, with uniform ve- 
locity. In all other cases, the action of the moving force 
does not depend upon the velocity with which the body in , 
which it resides moves, or has a tendency to move, but 
upon the difference between this and the velocity of the 
machine to which it is applied. Hence, when the point of 
application is at rest, the force acts upon it with the whole 
intensity it is capable of exerting, but when this point has 
a velocity equal to that of the body through which the force 
acts, the former no longer receives any impulse from the 
latter. As then the motion grows out of the superiority of 
the moving force, and as the action of this force diminishes 
with every increase of velocity of the point to which it is 
applied, equilibrium between its action, and that of the re* 
nstances must again take place, and if they both act upon 
% machine it will assume a state of permanent working. 

15 
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We have used the term resistance, for the machine mu.^ 
not only do the work for which it is constructed, but mu^^ 
also overcome retarding forces that exist in the very natur^^ 
of materials and workmanship, or which grow out of ex-^ 
trinsic causes. Friction is the retarding force from which 
no material is free, and which no perfection of workman- 
ship can wholly remove ; the more important of extrinsic 
forces is the resistance of the fluids, in which machines 
may be placed, and which in most cases is that of the ear 
of the atmosphere. 

We measure the mechanical action of a; force not merely 
by the weight it is capable of raising, but by the space 
through which it raises that weight in given time. Hence, 
as the product of the moving and resisting forces, into the 
respective spaces through which their points of application 
pass, are equal either in the states of ordinary or dynami* 
cal equilibrium, the measure of these forces is also equal, 
and even were there neither friction nor resistance from th6 
air, the utmost work a moving force is capable of performing 
is no more than its own measure. Thus nothing is gained 
by any machine, if considered abstractly, while the whole 
amount of friction and the resistance of the air is absolute 
loss. 

In practice, however, machines are of very great value, 
in spite of this actual waste of moving power : we arc 
enabled by them to accommodate the direction of the mo- 
tion of the agent employed, to that of the work to be per- 
formed ; we can render a power that has a fixed and de- 
terminate velocity, capable of doing work with any other 
given velocity ; we can apply a naturabagent, whose inten- 
sity is ddterminate and invariable, to overcome a resistance 
of far greater intensity, although at the expense of a loss 
of vdocity ; and we can in either or all of these cases, 
bring to the aid of the power of man, the action of the 
great natural agents, water, wind, and steam. Thus, then. 
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the exertion that man must apply, when furnished with 
proper machines, to enable him to make use of these great 
agents, may frequently become wholly intellcictual, and he 
^ill no longer have need of his mere physical energies ; 
or at any rate, a single man will be able to direct the action 
of a power to perform a work, for which the united strength 
of thousands would be insufficient. 

It is in the application of steam to machinery, that this 
triumph of human mind, over matter and the elements, is 
AOfit remarkable. 

61. Steam may be applied as a moving power in three 

different modes : it may act against a space devoid of air, 

in this case, if proceeding from a water of the temperature 

of 212^, it exerts a force equivalent to the pressure of the 

atmosphere ; or, if heated to a higher degree in a close 

vessel, with a force corresponding to the increased temper- 

^ure, according to the law stated on page 34 ; it may be 

adknitted^ at high temperature, into a space greater than it 

IB capable of filling, at the density that corresponds to its 

beat, and act against a space void of air by its expansive 

force ; or, it may, if proceeding from water heated to a high 

degree, in a close vessel, be able not merely to overcome 

tbe resistance of the atmosphere, but to exert, in addition, 

a great mechanical force. 

In the two first cases, it is necessary to have the means 
to form and keep up a vacuum. The mode universally 
employed for this purpose, consists in taking advantage of 
the condensation of steam itself into a liquid form. By the 
table upon page 35 it appears that the volume of steam at 
die temperature of 212® is 1696 times as great as that of 
the water whence it is generated ; hence, its complete con- 
densation would leave but y gVo ^^ ^^^ space it previously 
occupied, filled with any material substance. Such com- 
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plete condensation is uideed impossible, for reasons we shall 
hereafter refer to, but it is yet ob?ious, that a vacuum of a 
considerable degree of perfection may be thus attained. 

The condensation of steam is effected by withdrannng 
its latent heat, this is done in the steam engine by the appli- 
cation of cold water, that may either be applied to the sur* 
face of the vessels, that contain it, or actually brought 
into contact with the steam itself. In the method now 
universally adopted into practice, the vessel is not only kept 
cool by immersion in a cistern of water, but a jet of cold 
water is constantly flowing into it. 

62. Let a piston be fitted steam tight to a cylinder, closed 
at each end, and let the space both above and below it be 
filled with steam ; if the steam beneath the piston be sud- 
denly condensed, and fresh steam be permitted to flow into 
the upper part, the piston will be depressed to the bottom of 
the cylinder by the whole energy of the steam, as given 
in the table on page 34 ; if, so soon as the piston has 
reached this lowest ^position, steam be admitted beneath it, 
and the steam resting upon the upper side be suddenly con- 
densed, the piston will now be forced upwards with a force 
equal to that, by which it was caused to descend ; on reach- 
ing the top the piston may again be forced down, and this 
alternating action may be bept up as long as steam can be 
supplied on the one hand, and the means of condensing it 
found upon the other. 

If now a rod be passed through a collar in one of the 
lids of the cylinder, and fastened at one of the ends to the 
piston, this rod may be made the means of conveying the 
force, that the steam exerts upon the piston, both in its 
ascent and descent, either directly, or through the inter- 
vention of other bodies, to some point at which it may be 
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made to perfonn some regular work, or overcome some 

resistance. 

63. If the steam be condensed within the cylinder, there 
will be a great loss of heat, and consequent increase in the 
expense of supplying the moving power. Whether this 
condensation be e£fected by a£fusion of water upon the 
outer surface of the cylinder, or by the injection of a stream 
into its interior, the temperature of the enclosed space and 
of the sides of the vessel will be lowered, and the heat the 
steam has communicated to them, wholly or partially with- 
drawn. When the motion of the piston is to be reversed, 
and steam begins to enter on the side on which it was before 
condensed, it must again heat the piston and the adjacent 
parts of the cylinder, up to its own temperature ; this it 
does by parting with its latent heat, and it is consequently 
condensed ; the steam flowing from the boiler, therefore, 
exerts no mechanical action, until the heat, before abstract- 
ed, is again replaced ; as the piston moves, fresh portions of 
cooled surface are exposed, and fresh quantities of steam 
must be expended in heating them. Such is the effect pro- 
duced by the alternate heating and cooling of the parts, that 
it has been found, by actual experiment, that at least five 
times as much steam is expended upon them, as is necessary 
sunply to fill the cylinder. 

Hence, it is obvious, that the steam ought to be con- 
densed in a separate vessel, having a communication alter- 
nately with the upper and lower sides of the piston. 

64. Water is capable of forming vapour at all tempera- 
tures whatsoever. Its tendency to rise is, however, imped- 
ed by pressure, and thus it does not boil in an open vessel, 
when the rising of steam is impeded by the resistance of 
the atmosphere, until it reach the temperature of 212 <^. 
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But with each diminution of pressure, the boiling tempe<* 
rature becomes lower, until, in the vacuum of an air pump, 
it boils at 90® : Hence, so soon as a portion of the steam 
is condensed, fresh vapour will be rapidly formed, at a 
lower temperature, and although the expansive force of 
this diminishes in a geometric ratio, yet it is still capable 
of opposing a resistance to the motion of the piston. 
This resistance is such that it has been found by experi- 
ence, that the vapour of water of 212®, whose expansive 
force is equivalent to a pressure of 151bs. on every square 
inch, had never acted upon the piston with a mean force of 
more than lOlbs. until means were applied to remove or 
obviate this resistance. 

It may be removed, or at least very much lessened, by 
taking care to keep up a vacuum in the s^parnte .conden- 
ser. Two modes present themselves for doing this : the 
engine may be placed at least 34 feet above the level of a 
cistern of water, and the condenser may be made to com- 
municate with it by a pipe. As that height is the maxi- 
mum distance to which the pressure of the atmosphere 
can raise a column of water, the water of condensation 
and the condensed steam will flow into the pipe, and as 
much will pass out at its lower end ; the water being sup- 
ported at a constant level by this pressure. It, however, 
happens so rarely that a proper situation can be found to 
carry this plan into effect, that it has never been applied to 
practice, and has ceased even to be thought of by those 
concerned in the construction of steam engines. 

A pump has therefore been resorted to, in order to keep 
up a vacuum in the condenser by carrying, off the water of 
condensation, and the vapour that may remain, or be again 
generated. This pump is called the Air Pump. It is, with 
the condenser, immersed in a cistern of cold water, and a 
jet of that fluid plays through an aperture into the con- 
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denser. In this manner a greater cooling surface is brought 
into contact with the steam, and the condensation is effect- 
ed more rapidly than could be done, by simply cooling the 
surface of the condenser. The water that thus enters is 
regulated to the working of the engine by a valve called 
the Injection Cock. 

65. The alternating rectilineal motion of the piston in 
the Cylinder of the engine, can of course be only directly 
appilied, to perform a work with the same species of motion, 
and with equal velocity. Thus, by passing the piston-rod 
through the bottom of the Cylinder it might be made to 
work a pump, or by laying it in a horizontal position, to 
drive a horizontal blowing machine. But the cases, where 
this direct application is possible, are very few and unim- 
portant, *and they have never been introduced into prac- 
tice. Even where a motion of the same kind, and with 
equal velocity is required, it is the more usual custom to 
carry the motion of the piston-rod to the place where the 
work is to be performed, through the intervention of a 
Balance or Lever beam, resting upon pivots. 

This beam, having the axis that passes through these 
pivots fixed, its ends move in circular arcs with reciprocat- 
ing motion. Now as the motion of the piston-rod, although 
reciprocating, is rectilinear, it becomes necessary to make 
the connexion between the piston-rod and the beam, of 
such a nature as will permit the one of these motions to be 
accommodated to the other. 

The simplest, and it might almost be said the most obvi- 
ous plan, is to affix a bar to the end of the piston-rod, at 
right angles to its direction, and make the ends of this bar 
describe straight lines, by adapting them to straight guides 
of iron ; the end of the piston-rod being thus kept to its 
rectilineal course, the end of the beam is attached to it by 
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be anderatood by reference to the following deaciiption 

and figure. 

m 6 is a part of the lever beam in its lowest position, m be 
ing the centre on which it vibrates ; to the points a and b are 
attached the straps a f e and 6 dy and to these the paral- 
lel bar c dy the axis of the parallel bar is in a line passing 
through 6, and its other end is attached to the point c. The 
four angles abed are formed by pivots so as to have a 
free motion, and the radius bar has pivots both at b and e. 
Thus the points a and 6 will, when the beam moves, des- 
cribe the circular arcs a g iy and b I ky while the point 
c will describe the circular arc c e fy whose convexity is 
opposite to the two former arcs ; and they will compel 
the point d to describe the straight line d b h. In this 
figure the line a 6 is half the length of one arm of the 
lever beam, and the radius bar is equal to the same line, 
but there may be other proportions; all that is necessary, is 
that the radius bar shall be equal in length, between its 
centres, to the distance between the points m and a. 

The second parallel motion is formed by placing a pivot 
/, at the point where the line m d cuts the side a c of 
the parallelogram, this point will then be compelled to des- 
cribe the straight line fan. 

For the parallel motion has recently been substituted the 
following arrangement, to which we have already referred 
as still simpler. To the end of the piston-rod is attached a 
bar, or cross head, at right angles to it, the ends of this are 
placed between parallel vertical guided situated in the plane 
passing through the line d b h. The cross beam is turned^ 
at two places, into the form of pivots, to which the straps, 
that unite the piston-rod to the working beam, are applied. 
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mK4km » eire«3air amd eoBtiuaosiL It kmre 
neeiMMirf to ecMnreit tktf; lecqufocaiK ModoB of 
m^ ta^fAikie beam, into Ae but maiediaiietTotr 
TIm^ etottre b e&cted brtlKriiiterTemiimol' Ae O 
hi; lUid, or ilaekle bar, and the Crank. 

Tbe eouieetiiie rod is a bar of iron attacked in At 
irorkiiiif end erf* tbe krrer beam bj a cjlindiical pirol, and 
a areolar soeket, in wbieh it has a fiee moiiaB. Tie 
erank is an arm <n ladias of ircniy baring a piiot at cad 
eod^ one of these b fixed in a borizontal posibon to a aodd 
in a solid sopport, and the arm has a free moliaa aronnd 
tbe axis of this pirot ; the pirot at the other end pujj ct Js 
from tbe arm, and is inserted in a socket on the knrcr ^id 
of tbe eooneetinf rod. The len^h of the crank between 
tbe axes of the two pivots, is eqaal to the space passed 
throuffa bj the piston in the CyliDder, or what is called the 
length of the stndce« It is at least so, when the arms (rf 
tbe beam are of equal lengths, as is most nsoally the case, 
and when they are not, this distance has the same ratio to 
the length of stroke as the arms of the beam, to which the 
connecting rod and piston are respectirely attached, baTC 
to each other. The working end of the beam, rising and 
falling in a circular arc, under the impulse conveyed from 
tbe Cylinder through the parallel motion, will act upon the 
erank through tbe intervention of the connecting rod ; the 
moveable end of tbe crank will describe, under tlus influ-» 
ence, a semicircle during the time that the beam either rises 
or descends : this semidrcle may be directed to either 
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bf the vertical line passing through the axis of the crank ; 
and a slight force applied to it in a proper direction, at its 
highest or lowest positions, will cause it to describe a corn-* 
plete circle. 

This apparatus may be better understood by reference 
to Fig, 5, on PL /F, where A represents the end of the 
lever beam, 6 the part of the connecting rod, which is 
forked at the end, and embraces the beam ; c, the connect- 
ing rod represented in its highest position ; d, the pivot on 
the craDk to which the connecting rod is attached ; £, the 
wm of the crank of which/ is the centre ; ^, A, t, fe, repre- 
sents four other positions of the crank. 

67. The force that renders the rotary motion of the 
crank continuous, is derived from the fly-wheel, which also 
fulfils another most important purpose. 

No motion can well be imagined more irregular than that 
of the piston of a steam Cylinder. When it is in contact 
with either end of the Cylinder, the entrance of the steam 
gradually impels it from a state of rest, until it acquires a 
ouiximum of velocity, whose magnitude depends upon the 
relation between the supply of steam, and the work to be 
performed. When it reaches the opposite end of the cylin- 
der it again comes to rest, more or less suddenly, accord- 
uig to the manner in which the steam is supplied and cut 
off* A motion in the opposite direction next succeeds, 
Squally increasing at first, and again ceasing when the 
piston reaches the opposite limit of its motion. It will be 
thus seen, that not only is the direction of the motion alter^- 
aating, but that its velocity is continually varying, and that 
*t two instants there is no motion whatever Now in very 
many applications of steam, it is not only necessary that 
^he action be continuous and circular, but that its rate 
^bould be uniform. To effect these two objects, advantage 
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18 taken of the nature of matter, which has not the power 
either of setting itself in motion, or bringing itself to rest : 
hence, when a mass is once set in motion, it will have a 
tendency to move forward continually, and with uniform 
velocity ; this it will tend to do, although the force that 
set it in motion cease to act ; and if its motion be resisted, 
the moving mass will communicate motion to the bodies 
which oppose it. The part of a machine in which this 
principle is called into action, is called a Fly-Wheel. It is 
usually a heavy circular ring, attached, by radiating arms, 
to the axis of a part of the machine that has a rapid motion. 
In steam endues it is fixed to the axis of the crank. The 
fly-wheel, like every other part of a machine, opposes a 
resistance to the moving power, and requires a certain ex- 
penditure of force to set it in motion ; but when once it is 
set in motion, it requires but small accessions of force, and 
these may be exerted at intervals, to keep it moving with 
the greatest mean velocity the moving power, acting 
through the intervention of the machine, is capable of 
communicating. If the power be variable, and therefore 
have a tendency to cause irregularity in the motion of the 
machine ; the fly-wheel resists acceleration, on the one 
hand, because it cannot suddenly acquire a new velocity, 
but will oppose any increase with a force equivalent to the 
product of its mass into the diflFerence between the velocity 
it has, when the acceleration begins to act, and that which 
the accelerating force is capable of giving; on the other 
hand, its motion cannot be suddenly checked, when the 
force is either lessened or ceases to act, it therefore goes 
on, with a velocity, decreasing only in consequence of the 
resistances it meets. In parting with its motion, it will 
communicate as much to the bodies that resist it, and 
will thus keep up the velocity of the machinery driven by 
the engine, and render that of the engine itself regular, 
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mtilthe acceleration again commences. Hence, in the 
Tarying action of the piston of a steam engine, the fly-wheel 
moderates the speed when it has a tendency to become 
greatest, receiving then an accession of force ; this it dis- 
tributes again among the parts of the machine that are in 
motion, when the speed of the piston lessens, or actually 
becomes nought, which happens when it reaches its highest 
and lowest points. If the mass and velocity of the fly- 
vheel be lyade great, this tendency to uniformity will be- 
come absolute, and it will go on with uniform velocity, 
under the constant variation of the motion originally re- 
ceived from the prime mover, giving to the machinery 
driven by the steam engine, a regular and constant velocity. 
This tendency of the fly-wheel to go forward with con- 
tinuous rotary motion, accelerated at first, until it reach a 
mean between the maximum and minimum velocity the 
piston is capable of communicating to it, through the in- 
tervention of the parallel motion the working beam and the 
crank, is attained by its passing through a single semicircle, 
or by performing no more than half a revolution ; hence, 
when the piston reaches its upper or lower position, and 
the steam ceases for an instant to act, the fly-wheel carries 
the crank forward beyond the vertical line ; the new 
impalse derived from the steam, when it acts on the oppo- 
site side of the piston, is exerted to compel the crank to 
move forward, in the opposite half of the circle it before 
described, and therefore with continuous rotary motion. 

The form and mode of action of the crank has a very 
beneficial influence, in permitting the uniform motion of 
the fly to be attained without exerting any injurious action 
upon the engine itself. The force of the crank is always 
applied to the fly-wheel, in the direction of a tangent to the 
cirple the crank itself describes ; the force of the steam acts 
upon the crank in the direction of the connecting rod. 



Whes tke faree of tke 
of de pittom boKimde aetof rfawror the Arectioii of 
ki BodoB, these tvo Ihies are M rieht uries to cad 
other ; the crank ma j tbereibre be carried forward b j tiio 
flj-wbeel, wnhont bein? mtempced br the ahB<^ate rrLWi 
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of the pisbn. Bat vhea the steam is exertiii^ its naxi- 
■lam force upon the piston, these tvo lines neari j coincide, 
and the crank rec^res Ae vhole force of the steam. 
Amoi^ an the nKMles, therefore, bj which a Tariable and 
alternating; motion is converted into one that is c o n tin uoos^ 
none is more adfantageons than the crank, and few as much 
so. One, which will be mentioiied in the historj of the 
Steam En^ne, has equally good properties in this respect, 
and we know of no other. 

Persons ignorant of the principles of mechanics, are in 
the habit of considering and declaring, that much power is 
lost when motion is conyejed through the interrention of 
a crank. This idea appears to have been or^inally found- 
ed upon what occurs, when a man works by means of a 
winch, an apparatus similar to a crank, and acting upoa 
the same principles. Here a power, which, when con- 
stantly and directly exerted, is capable of balancing a 
pressure of TOlbs., is not capable of overcoming a resist- 
ance of more than 251 bs. This, however, arises from the 
force itself actually falling, during one part of the revolu- 
tion of a winch, as low as the last named limit, and hence 
the revolution cannot be completed, if the constant resist- 
ance exceed that amount. The power of a man depen 
not only upon his muscular force, but upon the manne 
and direction in which that muscular force is exerted, an< 
in some parts of the motion of a winch, this manner is ex—' 
tremely unfavourable. The crank or winch still acts upov. 
the resistance, with the whole force the man applies to it^ 
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but this is less at some parts of the revolution than it is in 
others. In the steam engine, a similar variation in the in- 
tensity of the prime mover occurs, and it is greater in 
amount ; but while a man is as much, and even more fa- 
tigued in applying his force, in the unfavourable positions 
of the winch, the varying motion of the piston of the steam 
cylinder corresponds exactly with a variation in the expen- 
diture pf steam. 

As ai general principle in mechanics, no force can be 
lost ; it may be applied to resistances which do not enter 
into the estimate of the work performed, for instance, to 
overcome the friction of the machine ; or it may, by im- 
proper or disadvantageous direction, be wasted upon the 
machine itself, whose parts it thus tends to tear asunder or 
wear away. This last circumstance does occur in the ac- 
tion of a steam engine, such as we have described it, but the 
crank is not the only part which is liable to this objection. 
The rod or strap, that forms a part of the parallel motion, 
does not always act in the direction of a tangent to the 
arc described by the end of the working beam, with which 
it is connected. Hence, it at times expends a part of the 
force of the engine upon the beam, tending to draw it from 
its place. A similar obliquity occurs where the connect- 
ing rod is attached to the opposite end of the beam, and 
a similar waste of power. In the crank, the connecting 
rod acts upon it at all angles with its tangent, from 0^ to 
90* ; and hence a part of the force is wasted to draw the 
axle of the crank from its seat. Were the force of the 
steam constantly exerted upon a connecting rod three 
times as long as the stroke of the engine, the power thus 
wasted would bear to the whole power of the steam the 
proportion of 0.225 to 1, but as the steam actually ceases 
to exert any force at the upper and lower, points of the 
crank's revolution, here no loss can occur, and the waste 

17 
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eannot exceed the rasio of O.fSd m orasy or Ant 
se^Fenth part, while, ]u aft uaoaQ^r happens^ the pteaw rg of 
the steam rirtf zradaailv Lncreafles. and fhen aimm. dimm- 
ishea, the r(»ai wa^e need not g^cegrf ane-tSKth. port of 
the foree -m the ensine. A Lancer cimneetmg^ rod canKS 
the power to act more (firecdvy and ics was&e to be conse- 
quendy !e«. 

Tlua wa^e ia i^r lesa than the l^ietioa of die engine, uid 
^l leaa dun the inereaae the frictkn woidd acquire in 
any oc die methoiia diat kav^e jet been proposed, or are 
perhapa poa^^ oc aiakmy ihe sCeaa aet directly upon a 
body, io disposed aa to be capable of acqidri]^ a rotary 
notion, in^ead of apphinr it to a piston working with 
ahemate strokea in a cjilnder. We are therefore disposed 
to think tbat tbe rarioas plans, that hare been proposed 
of constmctinf rotary engines, hare been a sheer waste of 
ingennity, and that there is litde hope of any, that may 
hereafter be constructed, eqaalfing the double-acting cylin^ 
der engine in the property of applying advantageously a 
given quantity of steam. 

68. The method we have described, of converting 
the alternating motion of the piston-rod to a contin- 
uous rotary one, through the intervention of a parallel 
motion, a working beam, a connecting rod, and a crank, 
is not universal. The change is sometimes effected more 
immediately, by affixing the connecting rod, to a cross- 
head on tbe end of the piston-rod, which is then made to 
work between guides. When the Cylinder is vertical, the 
connecting rod and crank are usually double, the former 
descending on each side of the Cylinder^ We have seen, 
more than one plan, in which the Cylinder itself was sus- 
pended upon trunnions, permitting it to have a vibratoiy 
motion. In this last form, the connecting rod may be dii* 
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pignsed with, and the piston-rod acts immediately upon the 
crank. The steam is admitted to the Cylinder through 
the trunnions. Such was the condensing engine of French, 
placed in a boat on the Hudson river, in 1808, and such 
is the high pressure engine constructed recently by ai 
ingenious woilvman in the employ of the West Poin 
Foundry. This mode of suspension is, however, only 
suited to araal! engines, where the Cylinder has but little 
weight. When the beam is suppressed, there results 
a very considerable saving of room, and there are occa- 
sions where this is very important. An engine, that has no 
beam, will occupy a space, whose length Js less than half 
that taken up by one that has. In many of the Americai 
steam-boats, and particularly in all constructed under th» 
direction of Fulton, the engine has this form. In the 
Western States, it is usual, not only to suppress the beam, 
but to lay the cylinder in a horizontal position. This last 
method has many advantages, among which may be men- 
tioned as the principal, that a steam-boat is far less injured, 
by a force acting in the direction of its length, than by 
one exerted verllcally, and that the engine may be laid 
entirely under deck, without interfering with any of its 
more valuable properties. 

On the other hand, the suppression of the working 
beam has this disadvantage, that the obliquity of the action 
of the piston upon the connecting rod, is greater than 
occurs when the parallel motion and beam are used, and 
that the loss growing out of this obliquity, is greatest in 
proportion to the power, when the latter is a maximum ; 
hence, the waste, compared with the mean power, is 
greater than in the other case. This, however, does not 
apply to Cylinders banging upon trunnions, for, in them, 
the power is applied directly, when at its maximum of 
[intensity. 
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69. In some few cases, the motion communicated to the 
fly-wheel is rendered more uniform, by using two complete 
engines, whose cranks are adapted to the same axle, but 
are situated in planes at right angles to each other. When 
the piston of one of these Cylinders has reached the top or 
bottom, that of the other will be in the middle of its 
stroke. One of them will therefore be acting at its maxi- 
mum of force, when the other ceases to act altogether. 
This plan is far preferable in effect to that of a single en- 
gine of the same nominal power, but it is more expensive, as 
a single engine of twice the force costs considerably less than 
the two. The engine, of the steam-boat North- America, 
is of this construction, and her speed is greater than that 
of any boat that has hitherto been constructed. Such also 
is the case in several of the best locomotive engines. 

A fly-wheel is not always an indispensable part of an 
engine, for there may be some of the machinery that is 
driven, that will act as a regulator in its stead. Thus, 
in steam-boats, where the wheels have a rapid motion, and 
in rail-way carriages, no fly wheel need be employed. 

70. The condensation of the steam is effected in the 
Condenser, both by keeping it constantly cool, and by ad- 
mitting a jet of cold water into that vessel. To accom- 
plish these objects, it is wholly immersed in a cistern sup- 
plied with cold water ; through an aperture in the side of 
the condenser, to which a stop-cock is adapted, a stream 
constantly spouts, the quantity of which is regulated, by the 
greater or less aperture, the stop-cock affords for the 
passage of the water. Steam at 212% is capable, as may 
be inferred from what has been stated on page 33, of 
heating six times its weight of water to the same tem- 
perature, and the united bulk is seven. The tempera- 
turab of condensation is usually 100% and to cool seven 
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measiures of water of 212^ to 100% will require about 
sixteen measures of water, which added to the six employ- 
ed in condensation is twenty-two. That is to say, twenty- 
two times the bulk of water evaporated by the boiler, is 
the least quantity that will suffice for the proper condensa- 
tion of steam, and cooling the condensed water. There 
must besides be a supply to prevent the water of the cistern 
from growing warm, and it has hence been usual to make 
the cold water pump supply a pint of water, for every cubic 
inch evaporated from the boiler. 

71^ In order to save a part of the heat, the condensed 
steam and water of condensation are delivered by the air 
pump into a vessel called the Hot Water Cistern, whence 
the water is raised, by the Hot Water Pump, to the feeding 
apparatus of the boiler. These two pumps are worked by 
rods, attached to the working beam, when the engine has 
one ; in other cases, these rods, with the rod of the air 
pump, are attached to a bar or beam, one end of which is 
adapted to the piston-rod, and rises and falls with it, the 
other is fastened to a fixed centre upon which it oscillates. 

72. The power of a condensing engine depends upon 
the state of the vacuum that is kept up in the condenser, 
as well as upon the pressure of the steam flowing from the 
boiler ; hence, it is important to be able to know, whether 
the rarefaction produced by the condensation of the steam, 
and the action of the air pump, be more or less perfect. 
This knowledge is attained by the Vacuum Guage. A 
glass tube open at both ends, has its lower extremity im- 
mersed in a basin of mercury, the other end communicates 
by a pipe, with the interior of the condenser. When the 
steam is condensed in that vessel, the pressure of the at- 
mosphere forces the mercury to rise in the tube, to a height 
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which IB the measure of the exhaustion ; the difference be- 
tween the height of this column, and the height at which 
the mercury stands in a barometer, is the measure of the 
force, which acts in opposition to the pressure of the steam 
upon the piston of the engine. This must therefore be 
deducted, in estimating the actual performance of the 
engine, from the indications of the steam-guage, after an 
atmosphere has been added to the latter. An apparatus 
. called the Indicator, in which a spiral spring is alternately 
opposed to the steam, and the vacuum has been proposed 
as a substitute for both the Steam and Vacuum Guages, 
but it has not yet come into general use. 

73. The action of the fly, in producing regularity of 
motion, reaches only to the inequalities that take place in 
the motion of the piston, during a single stroke. Should 
the flow of steam increase, the mean motion of the fly- 
wheel will be accelerated) and, should the flow be dimin- 
ished, the fly-wheel will uniformly be retarded. Neither does 
it control any change in the motion of the machinery, driven 
by the steam, unless that change be periodic. But it fre- 
quently happens that the quantity of steam, supplied by 
the boiler, fluctuates. Some regulator is, therefore, ne- 
cessary, which shall control the prime mover itself. For 
this purpose, a Governor is adapted to the steam engine. 
This is also required in cases where the quantity of woric 
to be performed Is fluctuating, as is the case in many 
branches of manufactures, where a part of the machinery 
may be suddenly stopped, or may be as suddenly connect- 
ed with the engine. The governor is an apparatus that is 
sometimes called a Conical Pendulum. Two heavy balls 
are suspended by bars to the opposite sides of a vertical 
axis. This axis is set in motion by the engine ; as it turns, 
the balls of the governor acquire a centrifugal force, which 
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may be sufficient to overcome their weight, and cause them 
to diverge and fly off, performing in their course a lai^er 
circle than before. As the balls fly off, they act, through 
the intervention of a syslem of levers, upon a valve that is 
situated in the steam pipe. This, which is called the 
Throttle-valve, has the form of a circular disk of metal, 
exactly filling up the pipe, when placed across it. It turns 
upon pivots placed at the opposite ends of one of its dia- 
meters, and may thus, either present its edge to the steam 
that passes along the pipe, in which case it hardly resists 
its course ; or may assume any intermediate position, until 
it close the pipe altogether. When the balls of the gover- 
nor revolve with so little velocity that the centrifugal force 
cannot overcome their weight, the levers place the throttle 
■valve in the position that presents its edge to the steam ; 
when the velocity becomes great enough to throw out the 
balls to their utmost limit, this valve is thrown across the 
pipe, and shuts the passage oompletely; with intermediate 
positions of the valves, the passage is more or less open, 
according to the rotary velocity of the governor. 

The governor is driven, by a strap that passes over a 
drum on the axis of the csank, or by wheels and pinions, 
deriving their motion from the same part of the engine. 

74. When the throttle valve acts to lessen the efflux of 
steam from the boiler, the elastic fluid will accumulate in 
that vessel, and its density and elasticity will increase 
slong with its temperature. In this event it will act upon 
the float, counterpoising the self-regulating damper, which 
will descend and lessen the draught of the chimney. A 
diminution in the expenditure of steam thus acts to diminish 
the intensity of the fire by which it is generated, while, if 
it accumulate too suddenly, the safety valve affords it a 
veDt. 
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The valves, by which steam is admitted into the upper 
and lower parts of the cylinder alternately, and by which 
the communication with the boiler is opened and closed, 
are worked by machinery attached to the en^ne. Rack 
work upon the rod of the air-pump was originally used for 
this purpose, but it is now more usual to adapt an Gecen- 
tric to the axle of the crank. The eccentric is a circular 
plate of metal, that has an opening within it that just fits a 
part of the axle of the crank. This opening is placed in 
a position eccentric to the plate itself, and hence the appa« 
ratus derives its name. The eccentric plate is attached to 
the axle of the crank and revolves with it. A circular 
ring fits upon the eccentric, but leaves the latter a free 
motion within it ; any given point in this ring, will, there* 
fore, have its distance from the axis of the crank changed 
within certain limits ; this change is conveyed to a bent 
lever, that works the valves, through the intervention of an 
open frame work of the figure of an isosceles triangle, 
whose two equal sides are tangents to the circular ring that 
encloses the eccentric plate. 

75. The Double-acting Condensing Steam Engine, then, 
is, in a great measure, self-acting. In truth, when applied 
to perform work with an uniform velocity, little is left t6 
be done, except to supply the fire with fuel, and to observe 
the indications of the guages from time to time. Even the 
supply of fuel has been regulated by machinery driven by 
the engine, in such a way that it need not be fed for seve-p 
ral hours. 

76. The pistons of the Cylinder and air-pump, and the 
openings, in the covers of those parts of the engine, 
through which they move are rendered steam tight by 
packing. The substance employed for this purpose is 
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hemp, in the form of plaited bands, and it is coated with 
grease. The joints of the several parts are closed by 
plaited hemp, or felt, coated with white lead ground in oil, 
or where one part is made to fit into another, by an iron 
cement, composed of iron filings, or gun borings, muriate of 
ammonia, and flour of sulphur ; the proportions are sixteen 
parts by weight, of the first, two parts of the second, and 
one of the third substance. The joints are, generally 
speaking, formed by flaunches cast upon the pieces, 
in which holes are drilled ; through the latter, are passed 
screw bolts that are fastened by nuts. 

The power of machines is estimated in terms of some 
conventional force, taken as the unit. Steam engines 
having been originally introduced as a substitute for the 
action of horses, it became the practice to compare the 
force of an engine with the strength of a number of horses. 
The unit, which is employed in the estimate, is, therefore, 
a horse-power, and we speak of engines as being of the 
power of a certain number of horses. As the strength of 
horses is very various, this is still a vague method, and it 
becomes necessary that the estimate of the work, a horse is 
capable of performing, should also be agreed upon. Diflfer- 
ent engineers have at different times made use of different 
valves, but the modes of estimating the horse-power, re- 
solve themselves, into the expression of the number of 
avoirdupois pounds, raised one foot high in a minute. 

Desagnliers estimates this number at 27,5001bs., and 
Smeaton 22,91 61bs. Watt supposes that a horse is able 
to raise 32,0001bs. ; but in calculating the power of the 
engines of Watt and Bolton, the estimate is taken as high 
as 44,0001bs. 

The force which acts is the pressure of the steam upon 
the piston ; this, multiplied by the velocity of the piston, 
gives the whole power of the steam ; but before the steam 

18 



k-^ f- .-r,' 




( 



138 DOUBLE-ACTING 

that issues from the boiler can reach the piston, it is re^ 
tarded by the friction of the pipes, and loses by cooling a^ 
part of the expansive force indicated by the steam -gu age ; 
its action is next diminished by the cooling it undergoes in 
the Cylinder itself, and before the power is transmitted to the 
working point of the engine, it must overcome the friction 
of the piston, open and shut the valves, force the steam into 
the condenser, and work the air-pump, and the hot and 
cold water pumps. It has next to overcome the friction 
of the axles of the lever-beam, parallel motion, and crank ; 
and the piston is besides resisted by the uncondensed steam 
remaining in the condenser. Of the last, the vacuuiii 
guage furnishes a measure, but of all the rest nothing is 
known perfectly, except by comparing the work actually 
performed, with the original force of the steam. It has been 
deduced from observation upon the working of engines, that 
more than 40 per cent, of the original power of the steam 
is expended upon these several resistances, hence the indi- 
cation of the steam-guage must be diminished in that ratio 
at least, before it is employed in the calculation of the force 
of the engine. 

In this country, it is usual to estimate the horse power 
at 33,0001bs., raised one foot per minute, and the mean 
pressure of the steam, in a condensing engine, at lOlbs. per 
square inch. We hence have the following rule : 

Multiply the area of the piston in square inches by 10, and 
by the velocity of the piston infect per minute ; divide the con^ 
tinued product of these three quantities by 33,000, the quo- 
tientis the estimated force of the engine in horse power. 

The rule of Brunton gives 44,0001bs. for the divisor, and 
that of Tredgold reduces the mean pressure to 9,10 pounds 
per square inch, which would correspond to a divisor of 
nearly 36,000, when the pressure is assumed at lOlbs. 
The indication of the steam-guage is supposed to be five 
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t inches of mercury, equivalent to a pressure of 2|lb8. more 
"than an atmosphere, or 17ilbs. per square inch. The 
safety valve is loaded with a weight of three pounds per 
square inch, which, with the aid of the atmosphere, will re- 
tain steam whose expansive force is not greater than 18lbs. 
per inch. 

77. The quantity of water to be evaporated in order to 
do the work of a horse in a double-acting condensing en- 
gine, regulated as we have just stated, may be estimated as 
follows, viz. 

A cubic foot of water, evaporated under the ordinary 
pressure of the atmosphere, occupies a space 1696 times 
as great as it did before ; but the space it occupies under a 
•pressure of 17^ pounds is, if we abstract from the expan- 
sion by temperature, less in the ratio of 15 to 17i, for 
elastic fluids occupy spaces inversely proportioned to the 
pressures by which they are confined, (see p. 24) ; hence 
the space occupied by steam having an expansive force of 
17|lbs. is 1454 times the original bulk of the steam. 

A cubic foot of water, therefore, occupies a space, in the 
form of such steam, of 1454 cubic feet; and the effective 
pressure, as we have before stated, is lOlbs. per square inch 
or 1440lbs. per square foot ; the power of a cubic foot of 
water is therefore, to lift 1440x1454 or 2,0937601bs. 
through the space of a foot. If this be divided by 33,000, 
■which is the conventional weight to be lifted by a horscf 
power per minute, it will give the number of minutes in 
which, if a cubic foot of water be evaporated, it will 
keep up this conventional unit of force. The quotient is 
63, or three minutes more than an hour. It is therefore 
usual to allow the evaporation of a cubic foot of water per 
hour to be equal, in the engine under consideration, 
to a horse power : and as it is well to be always certain of 
a supply of steam, boilers are made to furnish more units 
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of steam than the engine is estimated at ; the waste of 
heat in small boilers being greater in proportion than in 
large ones, this excess is a constant quantity, the boiler 
being calculated to produce steam equivalent to two horse 
power, more than the estimated force of the engine. We 
have seen that a surface of boiler in contact with flame 
and hot air of 8 square feet (see p. 72) is equal to the 
' conversion of this quantity of water into steam. 

78. The feeding apparatus of the boiler which is as we 
have seen, composed of a pump that raises the water of 
condensation, from the hot water cistern to a cistern at 
the top of the feed pipe, must therefore supply, at least 
one cubic foot per hour, for each horse power at which the 
force of the engine is estimated ; or j^^j part by bulk of 
the capacity of the cylinder, at each stroke of its piston. 
As, however, it is better to have an excess than a defect of 
water, the hot water pump usually raises, at each stroke 
Y^^th part of capacity of the cylinder. 

Such are the general principles of action of one form 
the condensing engine, which, to distinguish it from others 
in which the same operation is employed to form a vacu- 
um, is called the Double- Acting Engine, to which epithet is 
also added the name of the inventor. Watt. We are now 
prepared to enter into a more particular view of its several 
parts, the use and operation of which would have beenunhi- 
telligible, had we not previously investigated their uses, 
and the relation in which they stand to each other. 



CHAPTER V. 

DESCRIPTION OF THE DOUBLE-ACTING CONDENSING 

ENGINE. 

Uswd form of Double-Acting Condensing Engine. — Steam- 

jripe.-'-^aeket, — Side Pipes. Slide Valve. — Puppet 

Fofoc— Cylinder. — Cylinder Lid. — Cylinder Bottom. — 
Piston. — Woolps Piston.— CartwrighVs Metallic Packing. — 
Condenser.-'-Air Pump. — Delivering Door. — Air Pump 
Bucket. — Hot Water Cistern and Pump. — Cold Water 
dstem. — Injection Cock. — Water of Condensation. — 
Cold Water Pump. — Parallel Motion. — Lever Beam. — 
Pump Rods. — Connecting Rod. — Crank. — Fly WheA. — 
Tumbling Shaft. — Eccentric. — Double Eccentric. — Mjust^ 
meni of Eccentric. — Governor. — Throttle Valve. — Other 
farms of Double-Acting Condensing Engine. — Mode of 
setting these Engines in motion. 

79. Having in the last chapter explained the general 
principles of action of the Double Condensing Engine, 
we shall now proceed to describe the several parts more 
particularly, and in reference to a plate, on which they are 
figured in connexion with each other. See PI. III. As 
the condensing engine, in its most complete and perfect 
form, is in more general and frequent use in Great Britain 
than in this country, an engine constructed by Messrs. 
Murray, Fenton & Wood, of Leeds, has been chosen for 
the illustration of this part of our subject. 
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Fig. I. is an external elevation of this engine. Fig. IL 
E section. Fig. III. a horizontal plan. Fig. IV. a view of 
the lower part of the apparatus from the opposite side. 
The same letters apply to the same parts in these four 
several figures. 

In the engine before us, the steam reaches a part of the 
steam pipe marked s whence it flows into a space formed 
around the Cylinder by a cylindrical case called the Jacket. 
The use of this is to keep the Cylinder itself at an uniform 
temperature. All engines have not this additional part, 
and in this country in particular we never recollect to have 
seen it used. For it, is frequently substituted a simple 
casing of wood^ which, being a bad conductor, has been 
supposed, well adapted to preserve the heat of the 
cylinder. 

From what has been said, in respect to the mode in 
which heat is carried off, under certain circumstances, it 
will appear that both the Jacket and wooden casing are 
liable to objections. In the air, but little heat is carried 
off in consequence of the conducting power of the surface, 
and by far the greatest part of the loss is due to radiation. 
Now of the metals, the rough blackened surface of cast 
iron is among the best radiators, and wood stands high in 
the general order of radiating power, and hence, in the 
first case, the steam will be cooled before it reaches its 
place of action ; and in the second, the temperature of the 
Cylinder will be more affected than if it had not been 
cased. The principles we have discussed would point out 
as a sure method of retaining the heat, to enclose the 
cylinder in an air-tight cylindrical case of some bright 
metal, with a thin body of air between them. The confined 
air will convey but little heat to the casing, and that which 
is conveyed will radiate very slowly. 
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80. In the engine before us, the steam passes from the 
jacket to the side pipes, marked a a, through the opening 
marked h. The form and arrangement of these pipes 
depends upon the structure of the valves ; in this engine 
the valves so-e of that description called the Slide Valve. 
This was originally invented by Murray, of Leeds, but was 
comprised by him within a shorter space, the valve before 
us which occupies the whole side pipe is an improvement 
of Watf 8. 

81. The side pipe has the gener^ figure of a half cylin- 
der, the plane face of which is turned towards the Cylinder 
of the engine, and is terminated at top by a square box. 
The steam enters this pipe by a channel 6, that communi- 
cates with the jacket. In engines that have no jacket, the 
steam-pipe usually enters the side-pipe from behind it, about 
the middle of its height. 

Within this pipe is placed another, which exactly fills it 
at the upper and lower extremity, but which is made less, 
in the middle, so that the steam on entering the side-pipe 
fills up the space between the two pipes. The inner pipe 
is moveable, and attached to a rod that passes through an 
air-tight collar, in the square box, of which we have spoken, 
and by which it is drawn up and pushed down alternately, 
by a mechanism that will be hereafter described. 

Between the Cylinder and the outer pipe are two chan- 
nels whose section is rectangular. One of these forms a 
communication with the upper, the other with the lower 
part of the Cylinder. 

The length of the inner pipe is so adjusted that when 
that part, at one of its extremities, which just fills up the 
outer pipe, is opposite to the corresponding rectangular 
passage, the other rectangular passage shall be opposite to 
the space that we have described as left between the mid- 
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die part of the inner, and the outer pipe. Hence, steam 
will flow into the Cylinder from this space. In the plane 
surface of the part of the inner pipe that is applied to the 
first named rectangular passage, there is a corresponding 
rectangular opening, by which the steam, from the adjacent 
side of the piston, will pass into the inner pipe, and thence 
by a passage marked o into the condenser n. In the posi- 
tion in which the engine is represented in the figure, the 
steam is flowing into the lower part of the Cylinder, and 
beneath the piston, while it is passing out at the opposite 
end, and through the ii{|ner pipe to the condenser. 

The inner pipe has a similar rectangular opening at its 
opposite extremity ; when, by the action of the engine, the 
inner pipe changes its position, this opening adapts itself 
to the adjacent rectangular pasiisage, while the other com- 
municates with the space between the two pipes, and thus 
the direction of the steam and the motion of the piston 
are reversed. 

It will therefore be seen, that there is a constant com- 
munication, between the space contained between the two 
pipes, and the boiler, while the inner pipe has a constant 
communication with the condenser. A change in the 
position of the inner pipe brings the openings of the Cylin- 
der alternately into communication with the boiler, and 
condenser. . \^^ . 

It is obvious that this species of valve requires very per- 
fect workmanship ; the plane surfaces of the outer and 
inner pipe must be ground in the most careful and exact 
manner, and the circular surfaces, where they come in con- 
tact, at the upper and lower extremities must also be accu- 
rately fitted. 

The structure and use of this species of valve will be 
better understood by reference to the following figures, in 
which it is represented in two different positions. In order 
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to give more variety, we have taken a form, diSerent from 
that of the engine, in PI. ///. in wMch the spindle enters 
the side pipe from above, while in the figure, the spindle -is 
applied beneath. 
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This valve has the advantage, which is in most cases 
important^ of opening gradually, and thus causing no sud- 
den shock when tlie motion of the engine is changed, 
and by a proper adjustment of the distances between the 
openingii of the inner pipe, and of the apparatus by which 
it is driven, it may be made to cut off the steam, before the 
motion of the piston is completed, and thus again render 
the change less sudden. On the other hand, the accuracy 
of workmanship it requires may not be always attainable, 
and its repair cannot be effected, in situations remote from 
well -organized workshops. It is also to be stated, that 
when impure water is used, it has been found to wear 
rapidly and unequally, and thus, after having been intro- 
duced in many of our steam-boats, it has been laid aside^ 
and another, and more ancient species of valve restored 
in its place. Of this we shall proceed to give a description. 

82. This species of valve, usually called the puppet valve, 
is represented on Plate 11^ Fig. 3. 

The side pipes are two in number, of which thai marked 
A, is continually receiving steam from the boiler, through 
the steam pipe e, while that marked B is constantly con- 
veying it to the condenser. These pipes are united by be- 
ing both inserted at each end into the same cylindrical case, 
or box, at which there are consequently two, at C and D. 
Each of these boxes is divided into three spaces, by two 
diaphragms, having each an opening of the form of a trun- 
cated cone, whose least base is lowermost. These apper- 
tures are called nozzles, and are the seats of the valves ; 
to these nozzles, four solid frusta of cones, a, 6, c, d, are 
accurately ground, and form the valves ; from the space 
between the two diaphrams in each box, is an opening that 
allows the steam to pass to and from the cylinder. 

It will be obvious, that when the two upper valves, a and 
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e, in each box, are raised, steam must flow from the boiler 
into the Cylinder, and when the two lower of each set, b and 
d, are raised, it must flow from the cylinder to the conden- 
ser. Hence, it is necessary that they should reciprocate, 
the valves a and d opening when the valves b and c close, 
and vice versa. Hence, the two valves, a and d^ are united, 
and made to open and shut at the same time ; as are the 
two valves b and c. It will be perceived by the drawing, 
that each valve has a cylindrical spindle attached to it, and 
the four nozzles are in the same vertical line. The spin- 
dles of the two steam valves, a and c, are hollow, and ad- 
mit the spindles of the two condensing valves, b and dy to 
pass through them. The purpose of this will be explained 
hereafter. In more ancient forms of the engine, the spin- 
dles were replaced by a short rack, into the teeth of which 
the teeth of a circular segment caught. The use of this 
form will also be stated hereafter. 

These side pipes sometimes have, for the sake of orna- 
ment, the form of pillars, the entablature being extended 
above to cover the space left vacant by the side pipes. 

The rule for the size of these nozzles is, to make their 
least ditimeter one-fifth, at least, of the diameter of the Cy- 
linder. The passages into the boiler must have an equal 
area, as must the passages of the slide valve that has just 
been described. There are also cases, where the size of the 
nozzle may be advantageously increased beyond this mini- 
mum. 

83. The Cylinder of a steam engine has the figure which is 
denoted by its name, and in order to avoid ambiguity, it has 
been and will always be distinguished by beginning it with 
a capital, in order to prevent its being confounded with 
such other parts as have also a cylindrical form. It is 
represented in the figures on Plate Illy by the letter 6. 
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This vessel is in all large engines, made of cast iron, cast 
with a core, and reamed out to the proper size. This 
operation requires great care, and should be done in a mill 
liable to no agitation, for much of the value of the engine 
will depend upon the interior being as truly a mathematical 
cylinder, as the nature of materials will admit. Near the 
upper end of the Cylinder is cast a rectangular piece, in 
which is the passage A, and at both ends are cast flaunches 
to admit the fastening of its lid and bottom, by means of 
screw-bolts and nuts. In the engine on the plate, the lid 
is screwed to a flaunch on the jacket, and the flaunch of 
the Cylinder secured to the jacket by packing. 

84. The lid of the Cylinder is a circular plate, whose dia- 
meter is equal to that of the flaunch to which it is adapted. 
On its lower side, it is turned, so that a circular projection 
fits the inside of the CyUnder, leaving barely room for the 
packing. In the middle is an opening to admit the passage 
of the piston-rod, and around this opening is cast a cylin- 
drical box, on the upper side of the lid, to receive the pack- 
ing* hy which the rod is made to work steam tight. The 
upper part of this box is cut into the form of a female 
screw, to receive the screw that compresses the packing, 
and the head of the former is turned into the form of a 
cup, to contain oil. 

85. The bottom plate of the Cylinder is of the same dia- 
meter with the top, and has a similar projection turned 
upon it, to fit the Cylinder. The lower steam passage 
passes through it, and is cast in one piece with it. In the 
engine before us, the flaunches of the Cylinder and the 
jacket are united to the bottom, by the same set of screw- 
bolts and nuts. 

The length of the Cylinder must be as much more than 
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the length of the stroke of the piston, as is equal to the 
thickness of the latter, and, in addition, a small space to 
prevent the piston from striking. In the engine on Plate 
III, the diameter of the Cylinder is equal to half the length 
of the piston's stroke. This proportion is not a constant 
one, but is that sanctioned by the general practice of Watt. 
In the English steam-boats, where the engine is placed be- 
neath the deck, the stroke is necessarily short, and power 
is gained by increasing the diameter of the Cylinder. 

We shall have occasion, in speaking of steam-boats, to 
treat of the proper length of stroke, for engines intended to 
propel them. In those which are applied to manufac- 
tures, the proportion stated above, is perhaps the best. 

86. The piston is composed of two pieces of circular 
section, that are just so much smaller than the internal 
section of the Cylinder, as to move in it freely without 
touching. The lower piece is firmly attached to the piston- 
roi, by making the lower end of this rod of the shape of a 
truncated cone, of which the lesser base is uppermost, and 
of the same size with the rod. A key is passed through 
the rod, just above the piston and unites them firmly. 

The two pieces of which the piston is composed are 
connected by screws, and have a semicircular groove cut out 
of their united mass, forming a ring completely around them. 
This open ring is occupied by the packing. The packing 
is usually formed of hemp, moistened by an oleaginous 
substance. This packing is compressed and made to apply 
itself closely to the sides to the Cylinder, by the screws 
which unite the two pieces of which the piston is com- 
posed. As the packing wears, the screws are turned, and 
thus the packing, being again compressed, is forced out 
and again $ipplies itself to the cylinder. This arrangement 
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may be better understood by the following figure, which 
represents a section of the Piston, a b the Piston-rod 
terminating in the ti-uncated cone b; c c screws to unite 
the two parts of the piston, d d and e e ; //section of the 
packing. 




87. An ingenious mode of tightening the packing without 
taking off the lid of the cylinder was invented by Woolf. 
The head of each of the screws, is cut into the form of a 
toothed pinion, and* the teeth of all these work in a wheel, 
having a free motion around the piston-rod. It is there- 
fore evident that if one of the pinions be turned, not only 
will the screws attached to ii, be made to act, but all the 
others will be equally driven forward. One of the screws 
has a square head, which can be reached by a key passed ' 
through an opening in the lid of the Cylinder, and which 
is usually closed by an air-tight cap ; thus it may be turned, 
hy removing the cap, and all the others will be turned 
equally by the wheel and pinions. 
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1)1 the fi^re annexed a is the piston rod, 6 b the wheel 
GtteS loose upon it, c, c, c, c, c pinions forming the heads of 
tiie screws that compress the packing, d square head formed 
Upon- one of the screws, by adapting a key to which, the 
(vli^^ b 6 is turned, through the intervention of the pinion 
o -«v«Ji08e screw the key is applied, and turns the remaining 
i, and with them the compressing screws. 




^8. A metallic packmg mveuted by Cartwright appears, 
'\^ the opinion of a very intelligent artist, likely lo super- 
sede all others. Two rings of metal, accurately ground to 
&t tlie cylinder, are interposed between the upper and 
lower parts of the piston. Each of these rings is cut into 
tbree parts, and they are placed upon each other, in such a 
iMDBer, that the joints of the one ring fall half way between 
the joints of the other, in the same manner as the break- 
jomt of masonry. Three springs are made to act upon 
each of these rings, one at each joint, and thus to press the 
two adjacent pieces outwards. In this manner the springs 
carry the rings outwards, to replaceauy diminution by wear, 
ftod the breaking of the joints prevents any escape of steam 
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wliich is to admit a constant jet of cold water to condense 
the steam. The capacity of the condenser, when the engine 
works with steam of the pressure of IT^lbs. per inch, is 
usually one-eighth part of the capacity of the Cylinder. 

The state of the vacuum in the condenser is ascer- 
tained by means of a vacuum guage. This is represented 
Pl» /. Fig, 14, a a is an open vessel of mercury, 6 6a glass 

^be immersed at one end in the mercury, and communicat- 

• 

^g at the other with the condenser through the tube e. 

A.8 the vacuum is formed in the condenser, the pressure of 

^© external air will force the mercury up the tube b 6, 

*>^d the difference between the height to which it rises, and 

^*iat at which the mercury of the barometer stands at the 

***^e, marks the resistance the gaseous matter, that cannot 

^ withdrawn from the condenser, offers to the descent of 

*^^ piston. 

Ihe Condenser communicates with the Air-Pump by a 
5^^irizontal passage of a rectangular shape. In this passage 
situated the Foot-valve t. This has usually the form of 
^ slutter han^ng by a hinge on its upper side, in a posi- 
H slightly inclined from the vertical, and closing by its 
weight. The valve is fitted to its seat by grinding, 
e condenser and air-pump are screwed down to a com- 
base called the bed-plate. 



90. The Air-pump q is also a cylindrical vessel, almost 
*^eiitical in figure with the Cylinder, but having but half 
^'^e lineal dimensions, and consequently one-eighth of the 
^^pacity, or one just equal to that of the condenser. The 
*id of the air-pump is similar to that of the Cylinder, per- 
'Aitting the passage of the rod through a stuffing-box. 

91. The piston of the air-pump is packed in the same 
ler as that of the Cylinder, but unlike it, is not solid. 

20 
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It contains B Tftlve, which ia nsiuDy of that fimn caDed tte 
butterfly valve. In this shape, the RstiBi-Bod u utiifhtiJ 
to a bar extending across the piston, in the directim of ens 
of its diameters ; to this are adapted by hii^es, in such a 
manner as to open npwaids, two shatters that 611 up the 
rest of the circular opening of the piston. These shnttcn 
therefore rise and fall tc^ther like wings, whence their 
name. The piston and its valves are nsnally called Iht 
Bucket of the Air-pump. From the dimenuons we han 
stated above, it vrill be obvious that the strt^e of the 
Bucket is just half that of the Piston of the CjHnder. A 
plan and section of an air-pump bucket are represented be- 
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M. (hi die flMe of the Air-Puinm and mtmt its top, is 
cut m l e cta Bg whr pttssige, which is clooed by % Tilre r, 
sniilar im fi»m and stmctare to the foot-ralTe, and which 
is called tike Defiferin^-door. 

93. Upon the rise of the bucket of the Air-pamp, the 
water of condensation is fischarged by the delirering-door 
into a Tccfnngolar ressel of iron », called the Hot-water 
Cistern. The Hot-water Pnmp» by which the water of 
condensation, or at least as much of it as is necessary for 
Hke supply is carried to the boiler, is represented at x. It 
is a comnum pump, composed of a barrel and two valves. 
The water converted into steam is as we have seen on page 
ISS, ttVt^ P<^ of ^^ capacity of the Cylinder, for each 
stroke of the [Hston ; the pump is made to furnish a greater 
quantity, or ^l^th part, in order that there may be no risk 
of a defect in the supply. 

As the water of condensation is much greater in quanti- 
ty than this, being twenty-two times as much in weight as 
the steam that is employed, a lai^e portion of the water 
must run to waste, which it does by a waste-pipe. 

The calculation of the size of the hot-water pump, may 
be made as follows, viz. 

Dkdde the cubic contents of the cylinder in inches by 900, 
and this quotient by the length of the stroke of the pumpy the 
quotient uiU be the area in square inches^ whence by the usual 
geometric rule the area of the fxdves may be calculated. 

The stroke of the hot-water pump in the engine on PL 
III., is one-third of that of the cylinder. 

94. The condenser and air-pump are immersed in a cis- 
tern of water, called the cold-water cistern. In some 
engines this is a basin in the ground, lined with masonry, 
lud in cement. In steam-boats it is sometimes of wood, at 
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Other times is omitted altogether. In other engines agun^ 
it forms a cast-iron trough or basin, on the sides of whicla 
the whole of the apparatus is supported. In the engine 
represented on PI. Ill , this is the case, as will be obvioui^ 
from the several views in which it is represented, a a being* 
this trough. An engine thus supported, and which may 
therefore be placed upon any solid basis, entirely independ- 
ent of walls or buildings, is called a portable engine, even 
when of the largest dimensions. 

95. From the cold.water cistern, a pipe passes into the 
condenser. The use of this is to admit a jet of water, to 
condense the steam with greater rapidity, by bringing it in 
contact with a greater surface. The extremity of this 
pipe is sometimes covered by a nozzle, pierced with holes 
like that of a watering pot. The quantity of injection 
water is regulated, by a valve called the Injection-cock, 
which is to be seen in Fig. 2. 

96. As the injection-cock is constantly drawing water 
from this cistern, and as the water it contains is constantly 
abstracting heat from the condenser and air-pump, it re- 
quires a constant and regular supply, as well to keep it at a 
proper temperature, as to re^ew what is actually expended. 
For this purpose the cold-water pump y is provided. It, like 
the hot-water pump, is a common pump, communicating 
with a reservoir of fresh water. We have upon page 13S, 
stated the quantity of water that is needed, to keep the 
water in this cistern at the proper temperature, whence the 
area may readily be calculated when the length of the 
stroke is known. The length of the stroke of the cold- 
water pump, in the engine before us, is the same as that of 
the idr-pump, or half that of the Cylinder. 
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97. The theory and use of the Parallel Motion, 1, 2, 3, 4, 
has already been explained— see pages 121, 122, 123. The 
rule for one of its most usual forms is as follows, viz. The 
parallel bar is half the length of one arm of the working 
beam, or one-fourth of the distance between the two glands. 
The radius-baf is of the same length with the parallel-bar. 
The two pairs of straps are, of course, of equal length, 
and are usually three inches less, between their centres, 
than the length of the half stroke of the piston-rod. 

The centre, to which the air-pump rod is attached, is in 
the inner pair of straps at the point where a line drawn 
from the fulcrum of the lever-beam, to the upper end of 
the piston-rod, cuts the inner strap. Seepage 122. 

98. The length of the lever-beam, in Watt's endues, is 
usually one and a half times the length of stroke of the 
piston-rod. The beam is usually cast in one piece. The 
pivots of the parallel motion, pump rods, and connecting 
rod being turned upon projecting pieces cast upon it. 

99. The air-pump rod u being attached to the inner pair 
of straps, is at a distance, from the centre of motion of the 
lever-beam, of one-fourth of the length of the latter. 

The rod of the cold-water pump is attached to the lever- 
beam, at an equal distance from the fulcrum on the oppo- 
site side. 

Th6 rod of the hot-water pump is at a distance, from the 
fulcrum, of one-sixth of the length of the working beam. 

The length of the connecting rod between the centres, in 
Watt's engines, is twice the length of the stroke of the 
piston. 
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100. The arm of the crank r, is half the length of thc^ 
ttroke of the piston, in all cases where the arms of the ^ 
lever-beam are of equal length. 

• 

101 . The radius of the Fly- Wheel may be yarious, accord- 
ing to the uses to which it is applied ; the motion for driv- 
ing machinery ought to be taken off at a distance from its 
centre, equal to that of its centre of gyration. See page 
16. In the engine on PL III., the fly-wheel has a radius 
equal to twice the whole length of the cylinder. The 
weight b calculated by the following rule : 

Jlftil^y the number of horsei^s powers of the engine hy 2000, 
and divide by the square of the velocity of the circumference 
of the wheel per second^ the quotient is the weight in cwts. 

The velocity of the circumference is readily found, when 
the radius is given, for the crank has a velocity as much 
greater than that of the piston-rod, as the circumference 
of a circle is greater than its diameter, and the circumfe- 
rence of the fly-wheel has a velocity as much greater than 
the crank, as the radius of the former is greater than that 
ctf the latter. 

In the first form of Watts' engines, the valves were open- 
ed and shut by apparatus of the same description with that 
which had been used in the more ancient forms. Tappets 
were attached to the rod of the ur-pump, which, during 
ihe ascent and descent of the rod, acted upon levers 
with counterpoising weights. These levers were thus 
made to give a reciprocating motion to toothed segments, 
that acted upon racks attached to the valves, and thus 
opened and shut them. We shall return to this manner of 
working valves in the history of the engine. 

When conical valves are used, at the present time, a 
(spindle is attached to each, and the nozzles are immediate- 
ly beneath each other. Thus the two spindles of each 
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p^r of valves are in the same vertical line ; the upper 
spindle in each pair is hollow, and the spindle of the lower 
val^e passes through it. The weight of the valves is usual- 
ly sufficient to close them, and keep them shut, if not, they 
are loaded until they shut themselves. In order to open 
thejD, the following arrangement is employed. The spin- 
dles of the two valves, that are to act simultaneously, as for 
instance, the steam valve of the upper pair, and the con- 
densing valve of the lower, are united hy rods, which have 
consequently the form of three sides of a rectangle. These 
rods are pressed upwards at a particular part of the motion 
of the engine, by pieces projecting from a horizontal shaft 
ihat has an oscillating motion. These projecting pieces or 
arms lie in the same plane, and on opposite sides of the 
shaft, so that when one of them acts upon the rod that 
moves one pair of valves, and presses them upwards, the 
other ceases to act, and permits the other two to fall into 
diek seats, by their own weight. The return of this oscil- 
lating shafi permits the first pair of valves to shut, and 
causes the other piece, or arm, to act upon the two that 
weie before shut. 

102. This oscillating shaft is called the Tumbling Shaft. 
It receives its motion by means of a small crank that is 
attached to it, and moves upon it as an axis. This cmnk 
ig eomiected with the axle of the fly-wheel, by an ap-» 
r paiatus called the Eccentric. This is represented in 
Kgs. 1 and 2, on PI. III., and is shown separately in 

A circular plate b has an opening of a circular shape 
east in it, but having an eccentric position in respect to it* 
Tbis last circle just fits the shaft of the fly-wheel, and iA 
medged firmly to it, so that the latter carries the circular 
plate by around with it in its revolutions. 
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To the circular plate is fitted a circular ring c, wittiin 
which it can turn, and which therefore need not receive 
any motion from it, but what arises from the eccentricity of 
the revolution of the plate. To this ring are attached two 
bars dy e, forming the sides of an isosceles triangle. These 
are united by frame work. These bars terminate in a 
single piece, in the direction of a perpendicular to the base 
of a triangle, and which has a handle / turned upon its 
extremity. The use of this handle is to lift the eccentric 
from its place, when it is wished to stop the engine, and 
return it again, when the engine is to be set in motion. A 
notch of a semicircular figure is cut in the eccentric, which 
drops upon a pivot, turned upon the crank of the tumbling 
shaft g. 

It will be obvious, that while the axis of the fly-wheel is 
carried around, and with it, the circular plate, the end of the 
triangular frame will have an oscillating motion communi- 
cated to it, which the free motion of the ring c, will allow 
to be converted into a reciprocating circular motion, in the 
crank of the tumbling shaft ; it will thus give the latter, a 
motion suited to the opening of the valves, by means of the 
two arms that have been described. 

The engine upon the plate (PI. III.) has, as has been 
described, a slide valve. This b set in motion in a manner 
diiSerent from the puppet valves. 

An arm, &, projects from each end of the tumbling shaft, 
and both are in one plane at right angles to its crank, g^ /. 
To these arms are attached two light connecting rods, 
that rise above the side-pipo, where they are united by a 
cross-head. To the middle of this is attached the rod that 
moves the slide, and thus the latter is both raised and de- 
pressed by the action of the eccentric, while, as we have 
seen, the puppet valves are raised only, and return to their 
seats by their own weight. 
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lOS. When an engine is used for purposes that occasion- 
ally require its motion to be reversed, two eccentrics may 
be employed, that adapt themselves to cranks situated at 
the opposite ends of the tumbling-shaft, in planes at right 
angles to each other. Only one of these eccentrics is used 
at a time ; when it is necessary to reverse the motion of 
the engine, the piston is stopped at half^stroke, or in the 
position represented in Figs. 1 and 2, on PI. III. The ec- 
centrics are then exchanged ; that before in use being raised, 
and the notch of the other dropped upon its crank. When 
the steam again flows, the piston will return in a direction 
opposite to that in which it was proceeding when stopped. 
Another method that has been used in some English steam- 
boats, consists in cutting two notches opposite to each 
other in the rod of the eccentric, the rectangular cranks of 
the tumbling-shaft are at the same end of the shaft ; the 
eccentric lies between them, and may be made to apply 
itself to either at pleasure. 

104. It will be obvious, that the time at which the valves 
open and shut, may be determined by the position of the 
eccentric upon the shaft of the fly-wheel. This may be 
done, by this apparatus, far better than it can be by tappets 
upon the rod of the air pump, or as they are usually call- 
ed, a plug-frame. This determination is of no small impor- 
tance to the working of an engine. Should the piston be 
impelled by the steam to the very end of its stroke, a vio- 
lent blow will take place between it and the head or bottom 
of the Cylinder, while on the other hand, if the steam- 
valves be opened too soon, a part of it will be expended 
in diminishing the action of the steam on the opposite side 
of the piston. In both cases, power will be wasted, and 
in that form it will be exerted to injure the apparatus. In 
putting up an engine, the position of the eccentric is deter- 

21 
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by actual trial, and the eccentric is left in the por- 
tion where it Lb found to tend most to the equable and regu- 
lar working of the engine. 

105. A band passing over a drum on the axis of the fly- 
wheel turns a second drum which is upon the axis of a bevel 
wheel. This bevel wheel gives a motion to another, that car- 
ries upon its axis the Governor. This arrangement is^repre- 
sented upon the plate, but could not be distinguished by let- 
ters. This governor, as has been stated, is a conical 
pendulum. The weights revolve in the same plane, which 
is raised by their centrifugal force, when the velocity in- 
creases, and falls as the velocity of rotation diminishes. 
The theory of this instrument shows, that its revolutions 
are half the number, that would be performed by a pendu- 
lum, the length of which is equal to the distance of the 
plane, in which the centres of the balls revolve, from the 
point where the bars, by which they are suspended, cross 
each other. Thus, then, if the least and greatest number 
of the revolutions that it is intended that the fly-wheel shall 
perform, in a given time, be known, it will be easy to cal- 
culate the length of the conical pendulum. 

106. The rods that bear the balls of the governor are 
united by pivots to two others, also connected by pivots, 
andsliding at their point of union, upon the axis of the gov- 
ernor. The parallelogram that it thus formed, is some- 
times above the joint whence the balls hang, as in the hori- 
zontal engine on Plate F/, and sometimes below it, as in 
the high pressure engine on Plate F, or the separate fig- 
ure of the governor on Plate IVy Fig. 2, In either case 
it gives motion to a lever, which acts at its opposite end 
upon a rod, that moves the handle or lever of the throttle 
valve. This system of levers is so arranged that the 
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throttle valve is opened to its utmost limit, when the balls 
of the governor are in their lowest position, and is wholly 
closed, when they have been thrown out to their greatest 
extent, by the centrifugal force. In the first case, therefore, 
all the steam that is generated, flows to the engine, in the 
last, it is wholly cut o£f. 

107. The form of double-acting condensing engine which 
we have thus described^ is that which is most commonly 
used in manufactures, particularly in Europe. It cannot, 
however, fail to have been remarked that it contains, at 
least, one part by no means necessary to its action : This is 
the lever beam. The engine, as we shall see hereafter, 
was originally applied to the single action of pumping wa- 
ter, and in this, the pump-rod, or brake was conceived to 
be essential ; this, when made with equal arms became the 
leyer beam. Successive advances towards perfection in the 
structures were made, as improvements on the original 
plan, and not as original inventions. It has thus happened, 
that an unnecessary and cumbrous part of the apparatus 
has been perpetuated. A far more simple form of the en- 
gine, and which is in many cases preferable, is that which 
^as used by Fulton in his steam-boats, and of which one 
w represented upon Plate VIL It will be at once seen by 
inspection, that in this engine, the beam is suppressed, to- 
gether with the parallel motion. As a substitute for these 
parts, a cross-head a is adapted to the upper extremity of 
the piston-rod, b ; this works between vertical guides, a a ; 
it is connected to the two cranks, c c, by the two connect- 
hig rods, bhhb^ and to these is joined, in the case before 
us, the axis of the water-wheels, d d ; the axis of the fly- 
^eel might in like manner be turned by these cranks^ 
were it intended to apply the engine to general purposes. 
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The pumps are worked by a beam, e e, far lighter than 
it need be in the other form of the engine, and but half the 
length. It is forked at the end nearest the cylinder, which 
it thus embraces, and is connected with the cross-head A 
of the piston-rod B, by the connecting rods, d d. 

The peculiarities in this engine, which adapt it to a 
steam-boat will be described in another place. 

108. When a steam-engine is to be set in motion, the 
boiler must first be filled with water, by hand, the fire light- 
ed, and the steam raised to the proper tension. The steam 
and side pipes, the Cylinder, condenser, and ur-pump, will 
be full of air, and the whole will be cold. The air must be 
extracted and the engine heated up to the temperature cor- 
responding to the tension of the steam, before it can be set 
to work. This is done by what b technically called blow- 
ing through the engine. The valves are opened and shut 
by hand, and steam is thus introduced to all the parts. As 
steam is lighter than air it will force the air firom the cylin- 
der towards the condenser. Hence the air is allowed to 
to escape by a valve contrived for the purpose; this is 
usually adapted to the condenser, by means of a pipe, 
forming an elbow, and bent vertically upwards. This pipe 
is closed by a conical valve opening upwards. So long 
as air remaiw in the condenser, and is compressed by the 
steam from above, it is capable of making, ^rway through 
this valve. The completion of the operation is shown by 
its being followed by steam, which, when this valve is 
situated beneath the level of the water in the cold water 
cistern, is known by a slight crackling noise. In the en- 
gine on PL III. the valve is not thus situated but is adapted 
to a part of the side-pipe in direct communication with 
the condenser. When the steam thus shows itself the 
injection cock is opened, a condensation of the steam 
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in the condenser takes place almost instantly, and the 
pressure of the steam from the boiler becomes in a short 
time sufficient to put the engine in motion. The eccentric 
is now applied to the crank of the tumbling shaft, and the 
eng^e becomes self-acting. 
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CHAPTER VI. 

GENERAL VIEW OF CONDENSING ENGINES ACTING EX- 
PANSIYELT, OF HIGH-PRESSURE, SINGLE-ACTING, AND 
ATMOSPHERIC ENGINES, PARTICULAR DESCRIPTION OF 
HIGH PRESSURE ENGINES. 

Mtegidatum of steam by the valves of Condensing Engines. — 
Expansive force of steamy supposing the temperature to re* 
tnom constant. — Expansive force of steam of a given ten^ 
9umj and in a given engine^ on the same hypothesis. — JEJx- 
jpatinoe action of steam of a given tension and constant 
temperature^ uhen the friction and resistance is taken into 
view, — Expansive action at increasing tensions^ and with 
temperatures varying according to the law of specific heat. — 
Effects of steam acting expansively , asusucUly employed. — 
Jlciion of high pressure steam when not conder^ed. — 
Cases in which high pressure engines are useful. — Recon- 
Hderation of the precautions to be used in boilers generating 
high steam. — Oeneral view of the high pressure engine^ 
its steam pipeSf side pipes, and valves. — Calculation of the 
power of high pressure engines, their working beam, par- 
allel motion^ throttle valve, governor, and forcing pump. — 
Oeneral view of the single-acting condensing atmospheric 
engines. — Particular description of a high pressure en- 
gine, with a beam, and of long and short slide valves. — 
Particular description of a horizontal high pressure engine. 

109. To set the Double Condensing Engine into motion, 
two of its valves must be opened. One of these admits 
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gfression, and might be calculated by means of tables of 

hyperbolic logarithms. 

Calculated in this way, the power of a given quantity of 
steam would be increased in the ratios given in the follow- 
ing^ table. 

Absolute Effects of the Expansive Action of a given quantity 
of Steam, supposing its Temperature to continue constant. 





Cj Under filled. 


Power of Sttun. 
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1. 




One-half 


- 1.69 




One-third 


2.10 




One-fourth 


- 2.39 




One-fifth 


2.61 
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One-sixth 


- 2.79 
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One -seventh 


2.95 


L 


One-eighth 


- 8.08 



.111. The advantagesof using the steam expansively, are, 
therefore, according to this theory, very remarkable ; but 
to obtain them would require an entire remodelling of the 
engine and the alteration of its proportions. To use the 
same quantity of steam, it would be necessary, that the 
steam pipes, the nozzles, and the Cylinder itself should all 
be increased, in the ratio which the part of the Cylinder 
filled, bears to the whole. If these remain unchanged, the 
consumption of steam, (of equal temperature,) will be les- 
sened in the same ratio inverted, and the force, with which 
the steam would act upon the piston, will have the follow- 
ing ratio. 
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Effects of Steam acting eocpansively upon a given engine^ 
taking into account thefriction^ but supposing the tempera-' 
ture to remain constant. 




Wholly 1.00 

One-half 0.72 

One-third .... 0,48 

One-fourth 0.36 

One-fifth 0.17 

One-sixth 0.06 

One-seventh .... o.OO 



We therefore conceive ourselves warranted in the con- 
^lusion, that when an engine acts expansively, the steam 
should never be permitted to expand itself, to more than 
^Wiee the bulk it occupies under the atmospheric pressure. 

Working at low pressure, to produce an equal effect, 
^e engine should be nearly one-half larger in its capacity, 
^d the expense of fuel would be three-fourths of what it 
^ould be, if the steam were employed in the usual manner. 
Unless, therefore, in cases where fuel is extremely scarce, 
Qiere is probably no real advantage to be gained, in making 
W pressure steam act expansively. 

IIS. There is another point of view in which the ex- 

pionve action of steam may be investigated, for the steam 

My be used at an increased pressure. If it have an 

•qmnsive force of an atmosphere and a half, it would, if 

flut of at one-third of the stroke, expand, in filling the 

Cylinder, to the assumed limit of pressure, of half an at- 

moflphere. The original effective force, after allowing for 

Niiitance, would be 151bs. per square inch, and the mean 

action would be two-thirds of that amount, or lOlbs. per 

inch during the whole stroke. Hence the engine would 

now work up to its nominal power. 
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Steam, under a pressure of 1^ atmospheres, has, if we 
leave out of view the temperature, a density one and a 
half times as great, as under atmospheric pressure simply, 
hence to fill one-third of the Cylinder would require the 
evaporation of as much water as would fill half the cylin- 
der with steam of 212®. An engine, therefore, acting ex- 
pansively with steam of the elasticity of 1| atmospheres, 
would, on this hypothesis, do the same work as when acting 
in the common manner, and consume but half the quantity 
of fuel. For as the sum of the latent and sensible heat is 
the same, both in high and low steam, the quantity of water 
converted into ste^m is the same, whatever be its tempera- 
ture. 

Let us next suppose the steam to have an elastic force 
equal to two atmospheres. It might, on the same hypo- 
thesis, expand to four times its original bulk, before its 
elasticity became less than half an atmosphere. Hence it 
might be cut off at one-fourth of the stroke. 

Its original effective force, after deducting the constant 
resistance, will be 22^1bs. per square inch, and it will act 
with a mean force of j%\ of that amount or upwards of 
12Mbs Hence the engine will, under such circumstances, 
work with one-fourth more than the power at which it 
would be estimated, according to the common rule. 

The steam would in this case also fill half the cylinder, 
before it reached the density of steam of 212®, and hence 
the quantity of water used, and fuel expended would be the 
same as in the former. And, in all cases, where the limit of 
the expansion of the steam is an elasticity equal to half an 
atmosphere, the quantity of water evaporated and fuel ex- 
pended would be constant. But the effective power would 
go on increasing with the elasticity of the steam, accord- 
ing to the following table. 
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Relative power of the same engine ticting in the ordinary man- 
neVj or expansively. The temperature being supposed not 
to vary on expansion. 
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114. In order to cut off the steam, a valve of the fi^re 

of a throttle valve is placed in the steam pipe. A weight, 

or strong spring closes it and keeps it shut, except when 

the one is lifted, or the other forced back, by the action of 

the' engine. This is usually performed by placing two 

teeth or cams, of proper form and size, upon the axis of the 

crank. A plan of this kind may be seen on PL IV, Fig. 6. 

Where c is the axis of the crank, a and b two cams, or teeth, 

that act upon the spring g d, which is connected with the 

handle c / of the expansion valve, by the rod d e. .F is a 

portion of the steam pipe. 



115. The estimate that has been given of the powers of 
steam acting expansively, is, as has been seen, formed 
upon the hypothesis that it expands to bulks that are in- 
yersely as the pressures. This is not the case, in conse- 
quence of the change of temperature, that the very act of 
expansion produces. Thus steam of a tension equivalent 
to half an atmosphere, has a temperature of 180^ and a 
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density of 0.0003S, while, with a tension of 8^ 3, 
atmospheres, it has the following densities. 

2 Atmospheres ----- 0,0< 

3 do. 0.0 

4 do. .-..».. 0.( 

Steam of 

2 Atmospheres expanding to 4 times its bulk has 

a density of - - - < 

3 do. to 6 times its bulk, • 

4 do. to 8 times its bulk, • 

In a vessel which would neither give nor a^ 
the tension and temperatures would be dimiii' 
three several cases, in the ratios of || or |, " 
If. But in an expansive engine, the cyli> 
readily kept up to the temperature of the st 
begins to expand, and the steam in expan^^ 
beat from it. The method, which is occasioi 
a low pressure engine, of enclosing the cyli 
case, called a jacket, will be far more beneti. 
acting expansively, and the diminution h 
from diminished density, will be countera( 
heat This, however, will be attended w 
in the surrounding steam, and will requi 
the boiler to be increased in proportion. 
be taken into view, that the comparison 
expansively as given upon page 173, is ) 
but that in order to make it so, the fire s 
should be increased |th at the pressure 
and ^th at the pressure of four, and tli^ 
with additional weight in the same }) 
penditure of fuel will also be incre^r 
gree. The advantage derived from 
expansively, are still great, notwith^ 
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^ the ezpencKtore of fiiel, for an en^^e recemog steam of 
tiic tcDraoD of 4. J atmospheres, cut off at |th of the strok* 
will do twice as much work, as one receiving low steam, 
with bat six-tenths of Ihe fuel it expends. If we coneet 
OUT prenoos calculations, upon these principles, the results 
will be as follows, which will giye the actual effect wUcb 
ntay be prodoced by the same engine, acting at low pressure 
or expusirely, with different loads on the safety valre. 



AetutiH pomn of the game engine, acting; at lov prettvn or 
etpanineb/, the change m 1^ relations of the expmodukg 
ittam to Innpcrolure being taken into account. 
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High as even this reduced estimate may appear, of the 
po*er of engines acting expansively, it is considerably less 
WQ would be deduced from the original investigations of 
'^A and Robinson. It differs still more remarkably from 
^ views of Woolf, who states, that steam, under a pres- 
*0K of 51bs. in addition to an atmosphere, acquires the 
power of expanding itself to four times its original buU^ 
'^bont ceasing to be equal in elasticity to the atmosphere ; 
nd generated under a pressure of lOlbs., it will expand 
tea times and still retain the force of one atmosphere. 
These views are, however, wholly erroneous, as they are in 
feect eontradic6on to the nature of steam, and the reJa- 
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tions its tension bears to pressure and temperature. Oar 
own moderate estimates we consider to be far nearer the 
truth, and as likely to be worthy of reliance. Still, how- 
eyer, it could have been wished, that we could have obtain- 
ed experimental facts to adduce, in corroboration of these 
theoretic calculations. 

The subject is therefore submitted, in this form, to the 
public, in the hope that the advantages it promises may 
lead to an experimental inquiry. Several engines, in the 
steam-boats on the North-River, act expansively, and with 
obvious benefit, but in no one is the principle carried to 
such an extent as to exhibit all its excellencies. 

From what has been said, it will be obvious, that very 
great advantages may be gained by making engines act ex- 
pansively. And the advantage is so much the greater, as 
from the moment that this system is adopted, it becomes 
unnecessary to change the size and figure of the boiler in 
any great degree, nor is there any material change neces- 
sary in the area of the steam passages, so that the same 
engine may be made to work, from its power according to 
the usual estimate, up to double that force^ and shall use no 
more than six-tenths of the fuel consumed, when the steam 
is employed at ordinary low pressures, and not cut off. 

116. The principle, valuable as it appears from the fore- 
going calculations to be, has been but sparingly introduced 
into practice ; never indeed, as far as we have been able 
to learn with steam of a pressure of more than 1^ atmos- 
pheres. At this limit the advantage of the method is hard- 
ly developed, inasmuch as the power of the engine is not 
increased, although there is no doubt a great saving of fuel. 

Working with steam of the tension of 1 ^ atmospheres, it 
is customary to cut off the steam at half stroke. The 
mean effective pressure calculated upon the principles on 
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pi^ 1 7S9 becomes 12|lbs. per square inch, and the quantities 
of water evoporated and fuel consumed, three-fourths of 
what are expended, when working at full stroke, with steam 
of one atmosphere. In this case, it will be necessary to in- 
crease the areas of the valves beyond the proportion given 
in the description of the condensing engine on page 147. 

117. When steam of high pressure is used to propel en- 
^nes, it is more customary to make it act without the aid 
of a condenser, and consequently in opposition to the whole 
pressure of an atmosphere. 

The engine, in this case, becomes much more simple 
inasmuch as the condenser and air-pump may be dispensed 
with, as well as the cold and hot water pumps ; but for the 
latter is substituted a forcing pump to feed the boiler, and 
in most cases a common pump will be needed, to raise the 
sapply. The cold water cistern and the water for conden- 
sation are no longer necessary, and thus a very great weight 
may be saved, which in some cases is of great importance. 
In estimating the resistances which the action of the 
steam meets with, it is to be considered, that the imperfec- 
tion of the vacuum of a condensing engine merges in the 
pressure of the atmosphere, in one where the steam is not 
condensed ; and that thus the resistances, which, in the 
former, were estimated at 7^1bs. per square inch, may be 
ffinumshed, as well as by the power required to work the 
air and cold-water pumps. The resistances, other than 
the pressure of the atmosphere, need not therefore be taken 
at more than 51bs. per square inch, which, added to the 
pressure of the atmosphere, makes a constant resistance to 
the action of the steam, in a high pressure engine of 20lbs. 
per square inch. Hence, steam of an expansive force of 
two atmospheres will work in a given cylinder with the 
same force that steam of 17^1bs. would work in a con- 
denang engine. But steam under a pressure of two at- 
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eocLsSmeteii abi tocar^T^'m aadseacrtfrsceaBcririiiaf^elKlic 
f>?ee. CoQUEXia iu^ preasvre fgLM.4> v^ocfc ^nallr with 
iceaa of irooi Ere to six 2fiB05|iheie^ aad Aere is no 
&>!i!)4 tiuKi expansre eo^iaei nidit be roBAivctcd in s«ch 
a naiuMT aft to be vorked adrudaseoaslr, widi a fitde leas 
tban fire atmosTiliercs^ The load of Ae sajfemrnke b at 
thk latter Emit oTIbs^ vbDe to contain steam of jix almos- 
pberes, requires a load of 'toBbs. per square inch. It re- 
mains to inquire, how far it mar be consistent widi safety, 
to emploj steam of such expanare force ! The fninciples 
on which die strength of boilers depends, hare been fullj 
illustrated in Chapter III. From what has there been stated, 
it will appear that the cylinder b the best fonn for bcnlers 
and that a boOer of this shape, and of small diameter, may 
be made to resist the regular pressure of far more than six 
atmospheres ; that by diminishing the diameter of the 
cylinder the i»trength is increased in the inyerse ratio of the 
squares of the diameters ; and that by a reduction in this 
dimension, any required strength may be obtained. The 
application of the Hydrostatic press furnishes a proo^ in 
the first instance, of the cohesiye force of the material and 
the joints, to resist any given pressure, and the proof may 
be finally completed, by subjecting the boiler to the action 
of steam of more elastic force than it is ever likely to be 
compelled to bear in practice. The steam-guage will ena- 
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ble the en^neer to know that the pressure is kept below 
the desired limit, and the safety valve opens as soon as 
that limit is reached. In case of a deficiency in the supply 
of water, or obstruction in the feeding apparatus, a thermo- 
meter will shew the increased heat that is the consequence, 
and plates of fusible metal will melt as soon as a safe limit 
of heat is passed. A self-acting feeding apparatus will 
generally furnish a regular supply, for the failure of which 
the last mentioned apparatus affords a safeguard. Regis- 
ters and dampers will allow the fire to be moderated, and 
almost extinguished, whenever it becomes necessary. Next, 
the tendency of solid matter to collect and be deposited on 
the bottom of the boiler, may be lessened by mixing vege- 
table feculse with the water, but careful cleansing will be 
required, at proper intervals, to obviate all danger from this 
cause. If an engine must be in constant operation, it 
ought never to have less than two boilers, one of which 
can be employed, while the other is under repair ; and in 
all cases of constant employment, there should be one 
boiler more than is necessary to supply the engine. If the 
work be of such a nature, that the persons employed about 
the engine may have a temptation to increase the force of 
the steam, beyond the proper degree, there should be two 
safety valves, one of which should be beyond their control. 

No one of these precautions should be omitted when 
high steam is used, unless they are impossible from circum- 
atanees. In locomotive engines, and in steam-boats, spare 
boilers cannot be introduced ; the necessity for them, may, 
however, be done away, by prescribing stated periods of 
inactivity, when the boilers may be cleansed. 

With these precautions, we do not hesitate to say, that 
boUers in which h^h steam is generated may be rendered 
as little liable to accident as low pressure boilers ; and 
indeed, the more common cause of explosion, namely, 
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fion a giving way even under the usual state of the steam^ 
may sometimes be dangerous. 

A boiler, however, that has been properly proved, and is 
examined at regular stated periods, cannot well burst, ex- 
cept by the clogging of its safety valve, or by the uncover- 
ing of its sides and flues. The former accident may be con- 
ffldered as hardly within the limit of possibility, if the 
guages of the engine are in order ; and as both species of 
boiler are equally liable to the latter, we conceive that it 
may be considered as certain, that no more risk is now in- 
curred, by using high pressure steam, than by using low. 

In expressing this opinion, it must be repeated that all 
^e safety apparatus we have spoken of must be applied to 
^e bigh pressure boiler, and that in 3team-boats and locomo- 
^^e engines there be an additional safety valve, beyond the 
control of any person, on board the former, or entrusted 
^ith the management of the latter. 

120, Such being our views of the possibility of using 

bigh steam with safety, we confidently anticipate, that, 

cylindrical boilers, generating high pressure steam, will 

supersede all others. These will be applied in most cases 

to condensing engines acting expansively ; but where sav- 

^g of weight, or of room, and even of original cost is an 

object; in locomotive carriages ; in boats navigating shallow 

Tivers; and wherever water is scarce, high pressure engines 

'"'^ be employed. Being less complex, they will also be 

preferred, wherever good workmen to perform the repairs^ 

or mtelligent engineers are not to be obtained. 

121. The parts of a high pressure engine are the 
following : — 

A steam-pipe through which the steam passes from the 
boiler ; the area of this is calculated upon the principles 
laid down on page 102. 
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Bide pipes connected at one extremity with the steam- 
pipe, and at the other with the open air. In these are 
situated the valves which admit steam alternately to the 
opposite sides of the piston, or permit its escape. The 
original form of the valve was a cock with two passages 
and four openings, proposed at first by Leupold, and adopt- 
ed both by Trevithick and Evans. This valve is represent- 
ed on the opposite page. JIf JV* is the cylinder of the en- 
gine ; a h the side-pipe, in the middle of which is a conical 
socket, to which is adapted a frustum of a cone, with two 
passages d e, and consequently four openings ; c is the steam 
pipe, and / g the waste-pipe, or in a condensing engine the 
communication with the condenser ; h is the lever by which 
the valve is turned through a quadrant, at each stroke of the 
piston; and i is the other position of the lever. The steam 
in the position of the valve that is represented on the draw- 
ing, flows from the pipe e through the passage e into the 
lower part of the side pipe 6 and thence enters beneath the 
piston ; while the steam above the piston flows out at a 
through the passage d into the pipe f g ; in the other posi- 
tion of the valve the motion of the steam is obviously 
reversed. 
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'Of this, in some recent Americaa Engines, has been 
■"Mtitnted a short slide valve, whidi has been found by ei- 
Peneace to be more advantageous. This valve is worked 
y Mi Eccentric placed upon the axis of the crank ; a con- 
^nient mode of doing this is represented upon PI. IV. at 
*'S- 3. where, 

A. is the asis of the crank ; 
B the circular plate, aa a a triangular frame ; 
b tod and adjusting screw ; 
t lumdle, d arm of tumbling shaft ; 
14 
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e axis of tumbling shaft ; 

// spindle of slide valve ; 

g g steam chest ; 

H steam pipe ; 

I eduction pipe ; 

k k bottom of cylinder, on which is cast a piece 1 1 con- 
taining one of the steam passages. 

A plan, and section of this valve are represented on PL 
11. Fig. 5, and will be described hereafter. 

The Cylinder resembles in form that of a condensing 
engine, fitted with a piston, and piston-rod passing steam- 
tight, through the cover of the engine. 

122. The power of the Engine is calculated by taking 
the continued product of: the effective pressure of the 
steam per square inch in lbs., the area of the piston, the 
length of stroke in feet, and the number of strokes per 
minute ; which product divided by 33000 gives the number 
of horse powers. The effective pressure of the steam is 
201bs. less than its absolute expansive force, or 51bs. less 
per inch than the load of the safety valve. It is, however, 
usually calculated at two-thirds of the pressure of the 
steam, which is the true amount when the steam is equi- 
valent to 4 atmospheres, or the safety valve is loaded with 
451bs. per square inch. 

123. The action of the piston may be conveyed to the 
working points of the engine in the same manner as in the 
condensing engine. All, therefore, that has been said on 
pages 119 et seq.y is applicable here. So also, when the 
machinery requires regulation, a fly-wheel is adapted to the 
crank, and where the work must be performed at a con- 
stant velocity, a Governor, acting upon a throttle-valve, is 
adapted. 
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A parallel motion for a high pressure engine is represent- 
ed on PI ir. Fig. 1. In this, 

c d represents the lever-beam ; 

b the piston-rod; 

c and d the pivots of the parallel motion ; 

e the pivot to which the piston rod is attached ; 

g g* a part of a fixed frame that bears the pivot h of the 
radius bar ; 

c e and df2Lve the straps; 

hf the radius bar ; 

e f the parallel bar. 

The governor of a high pressure engine is represented on 
the same plate at Fig. 2 ; a and b are the two bevel wheels ; 

c d the axis of the governor ; 

e e spherical weights, suspended by rods from joints on a 
fixed collar/; 

g is a collar sliding on the axis c d, by the motion of the 
bars g h, g h; 

i i is a circular arc forming a loop at each end, in which 
the bars/ hy f h play ; 

g h kis Q, lever moving on the pivot k ; 
Z 2 a connecting rod that unites the end I of the lever to 
the handle or lever of the throttle valve. 

124. The forcing pump that feeds the boiler, and the 
lift-pump that supplies the water which the former injects, 
are worked by rods from the lever beam, when the engine 
has one. In other cases, motions are taken off from the 
piston-rod in such a way as to answer the same purpose. 

125. The high pressure engine is thus fitted to subserve 
all the objects that can be fulfilled by the double-acting 
condensing engine. There are, however, engines which 
are not suited to produce more than a reciprocating ac- 
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tion, and which were of older date, although of less valttCi 
being applicable to but a few purposes. Such is the siih 
gle-acting condensing engine. In this engine ; the lever^ 
beam is loaded with a weight, at the end opposite to tha* 
to which the piston is attached, and the latter rests whe^ 
the engine is not in action, at the top of the Cylinder-^ 
The Cylinder and steam passages are then filled witt^ 
steam ; a communication is now opened, from the lower^ 
side of the piston, with the condenser, and the pressure of 
the steam, on the upper side, forces the piston down to 
the bottom of the Cylinder ; the steam and condensing 
valves are next closed, and the third valve, which forms 
a communication between the opposite sides of the piston, 
is opened ; there being now no resistance to the motion 
of the piston, other than the friction, the weight at the 
opposite end of the beam again preponderates, and the pis- 
ton is drawn back to its pristine position, the steam flowing 
through the open valve and steam pipe, from the upper to 
the lower side of the piston. 

In this engine the steam acts only during the downward 
stroke of the p ston, and during its return no force is ex- 
erted upon the piston. The effort is, therefore, directed 
to raise a weight, which may, in its descent, perform a work 
of such nature as is suited to this peculiar species of alter- 
nating motion. The raising of water, by a forcing pump, is 
the most usual purpose to which such an engine is applied. 

A parallel motion is unnecessary in this engine, and the 
piston-rod is connected with the beam by a chain, that ap- 
plies itself to a circular arc on the end of the beam. The 
pump-rod, loaded with a weight, is attached in a similar 
manner to the opposite end of the beam. 

The air-pump, the cold and hot water pumps, are at- 
tached to rods worked by the beam. 

The power of this engine being exerted during one mo- 
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tion of the piston only, is obviously no more than half of 
that of a double-acting condensing engine of the same 
dimensions. It is besides applicable to but very few pur- 
poses : and as the same purposes may be accomplished by 
a double-acting condensing engine of half the size, this 
form has gradually fallen into disuse. It was, however, at 
one time much in use for draining the water of mines, and 
raising that fluid for the supply of cities. 

1 26. At a still earlier period in the history of the Steam 
Engine, an engine was employed, in which the air of the 
atmosphere acting upon the piston was the prime mover. 
The vacuum on the lower side of the piston, is caused by a 
condensation, effected in the cylinder itself. This engine 
is, for the reasons mentioned on page 117, far inferior to 
those in which a separate condenser is employed. It is 
also inferior in effect to an engine in which steam is the 
moving power, for the latter is always made to act with a 
force a little superior to simple atmospheric pressure. 

127. The two forms of Engine last mentioned are now 
obsolete ; and the expansive engine does not differ in form 
from the double-acting condensing engine : we shall there- 
fore, restrict ourselves to the description of thehigh pressure 
engine, and leave the detail of the others, until we treat of 
the history of the invention. 

On PL V. is represented a high pressure engine of 30 
horse power, manufactured by the West Point Foundry 
Association. 

A is the cylinder, the stroke of whose piston is about 
three and a half times the diameter. It stands upon a rec- 
tangular vessel I, through which the waste steam passes^ 
heating water that is raised to it by a lift pump, not repre* 
seated in the plate. 
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The piston-rod 6, is seen only in the end view, and is 
hidden in the other, by the slides c c, in which its cross- 
head moves. This rod is attached to the lever-beam d, by 
straps a a, whose length from centre to centre is half the 
stroke of the piston-rod. 

D is the lever-beam, the length of each of whose arms 
is rather more than three times as much as the stroke of 
the engine. 

E the Connecting-rod or Shackle-bar. 

F, the Crank. 

6 G, the Fly-wheel. 

H, a reservoir of water, through which the waste steam 
passes by a pipe, until it finally escapes by the tube r r. 

//, is the eccentric, which moves the tumbling shaft fe, 
to which is attached, by connecting rods, a cross-head 2, 
which gives motion to the slide valve contained in the 
side pipe b. 

g g, is an endless chain passing over drums, one on the axis 
of the crank, the other on that of the vertical bevel-wheel. 

hy are two bevel-wheels that give motion to the axis of 
the governor k. 

While the balls of the governor diverge, they raise one 
end of the lever i, the opposite end is pressed down and 
closes the throttle valve, situated at c, in the steam pipe. 

d is the rod of the forcing pump that conveys water from 
the reservoir h, to the boiler- 

A section of the Cylinder of this engine, and of its slide 
valve, is represented on PL 11, Fig. 4. 

/, lower passage for the steam. 

c, upper passage for do. 

h I, openings in the sliding pipe, adapting themselves al- 
ternately to the passages c, and /. 

g, third opening in the steam pipe, represented as apply- 
ing itself to the eduction passage m. 
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m, eduction passage to which the openings { and g apply 
themselves alternately. 

I, iy interior of the side pipe, in which the slide is work- 
ed by the spindle, 

fc, spindle, connected by rods with the eccentric. 
Another slide valve for a high pressure engine is repre- 
sented in its connexion with the Cylinder at Fig. 5, on 
the same plate. 

a, fr, c, d, is a rectangular bar of cast-iron, called the 
steam-chest; it is constantly receiving steam from the 
boiler. The lower side of this has three openings, repre- 
sented atg, c, /, in the ground plan. 

Within the steam-chest, is a septum g, being a cup, or 
trough of a rectangular shape, whose open face is down- 
wards, and is ground to apply itself closely to the lower 
plate of the steam-chest, against which it is firmly pressed 
by the steam. 

This septum is of such a size as to cover two of the 
openings of the plate, and to exclude the third. Hence, 
one or other of the lateral openings, always communicates 
with the middle opening, through the septum, while the 
remaining one receives steam from the steam-chest. This 
septum is drawn backwards and forwards by the spindle A, 
which is worked by an eccentric. 

The central opening c, corresponds to the eduction pipe 
by which steam escapes, the other two communicate, one 
with the upper part of the Cylinder, the other with the 
' lower, and in the varying positions of the sliding septum, 
steam is alternately admitted from the steam-chest and 
allowed to escape by the eduction pipe through these aper- 
tures. 

A Horizontal high pressure Engine, manufactured by the 
West Point Foundry, is shewn on PI. VI., together with its 
two cylindrical boilers. 
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•A, ashpit. 

B^ B^ furnace doon. 

C, Cy boilers. 

D, cylinder. 
£, piston-rod. 

Fy connecting rod. 
G, G, O, fly wheel. 
Hy governor. 
/, reservoir of cold water. 
Ky forcing pump. 

L, cistern of water to be heated by waste steam, 
a, pipe forming commuuication between the water in the 
two boilers. 
6, fr, fr, steam pipe. 
€, safety valve. 

d, lever and weight of safety valve. 

e, pipe for waste steam from safety valve. 

/, pipe for waste steam after it has passed the valves and 
been used in the cylinders. 

gy steam chest containing slide valve. 

A, pipe by which the cold water is conveyed to the reser- 
voir/. 

i, pipe by which water passes from the reservoir to the 
cold water cistern. 

fcy continuation of pipe /. 

i, /, 2, parallel motion for vertical forcing pump. 

n, fly It, eccentric. 

0| tumbling shaft. 

A section of the cylinder of this engine, with its side 
pipe, is to be found on PI. II. Fig. 6th. 

It has been objected to the horizontal form of Steam 
Engines, that the packing wears unequally, being first ab- 
vmded on the lower side of the piston, and that the Cylin- 
der itself must finally be worn into an elliptical shape. 
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With proper precautions in the use, however, no practical 
difficulty need arise. Engines of this form have advanta- 
ges, in various cases, that shall hereafter be ennumerated, 
particularly in their application to steam-boats. 

High pressure engines are also occasionally constructed 
without the lever beam ; the form and distribution of the 
parts resemble, in this case, the condensing engine figured 
on PL VII. 
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CHAPTER VII. 

EARLT BISTORT OF THE 8TEAM EICGINE. 

Introduction. — Statue of JUemnon. — Hero of •Alexandria.''^ 
Eolipyle.'-^nthemius and Zeno. — Cardan.— JHfafAcritt*.— 
£aptista de Porta. — De Causs. — Brancas. — Wilkins and 
Mircher. — Jilarquis of Worcester, — HautefeuUle. — Papin^e 
first plan. — Savary. — Papin's Engine for the Elector of 
Hesse. — ^ewcomen and Cawley. — Potter*s Scoggan. — 
JBeighton^s Hand- Gear. — Smeaton. — Leupold, 

128. The description of the steam engine, given in the 
previous chapters, has been limited to the three more im- 
portant varieties: the double-acting condensing engine 
impelled by low steam ; the double engine acting expan- 
sively; the high pressure engine. These alone are in 
general actual use, and the consideration of their theory is 
all that is directly valuable, to the maker, or user of steam 
engines. The various other forms that the engine has 
assumed, in its progress from rude beginnings to its-present 
improved state, the several projects that have been brought 
forward, and successively abandoned, may be best treated 
of in the historical form. In this manner also, may the 
relative merit, of the inventors and improvers, be best set 
forth. 

The steam engine, as it is the most powerful agent by 
which the power of man has been extended, so also has it 
employed the labour, ingenuity, and talent of more indi. 
vidaals than any other human invention. 
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To give the trae history of the steam engine, as indeed 
of most of the discoveries that hare conferred important 
benefits on mankind, would be, in fact, to enter into the 
annals of nearly all the arts and sciences. Instruments have 
been frequently contrived, and principles stated, forwluchthe 
world was not at the time prepared. Centuries sometimes 
elapse, before the period arrives, at which the wants of 
society call for their application, or the intelligence of the 
age can appreciate their merit Then some more fortn- 
nate genius recalls the forgotten plan from oblivion, or 
unconscious of the labours of his predecessors, derives 
from his own resources, inventions, not perhaps more meri- 
torious than theirs in the abstract, but suited to the con- 
dition and wants of his cotemporaries. To the last then 
is the world really indebted, and to him is the gratitude due. 
His predecessors may have even gone beyond him in actual 
progress, his cotemporaries may have been upon the eve 
of the sAine discovery, and may have been so &r advanced, 
that n few years, months, or even days would have placed 
tliein l)\ his side. Rut the good fortune, and it may per- 
haps hr little more, of* him who first reaches the useful 
rc^sult, muHt eelipse the merit of all others. Priority in the 
applieatiou of* uu invention to practical purposes, if asso- 
eiateil with originality, or even with the calling up of for- 
gotten pntjeets, that were impracticable or useless at the 
moment of* their first conception, is the point on which a 
claim to high distinction in the annals of the useful arts 
must depend. 

In the history of the steam engine then, a few names 
stand prominent, in consequence of the immediate advan- 
tages to the world with which their labours were followed. 
Buvary who first successfully substituted steam for the 
labour of animals; Newcomen, who first .succeeded in 
applying it to move a solid body, through whose interven- 



STEAM SNGlNi:. 197 

tiion the work might be performed ; Watt who called in 
physical science, to discover and remedy the defects of his 
predecessors, and made the steam-engine an instrument 
of universal application ; Fulton who performed the first 
successful voyage by the impulse of steam ; and Evans 
and Trevithick, who cotemporaneously gave to the engine 
such a form as suited it for locomotion on land, and ascer- 
tained that such locomotion was practicable. 

It is necessary, before we enter into the history, to par- 
ticularize these authors of the great steps the steam engine 
has made, in principle, or in application ; for the more mi- 
nute our inquiries become, the more will the real, and 
▼astly superior merit of these parties, seem to descend to 
die level of others, whose ingenuity, either formed the basis 
of the strides made by those we have named ; who had 
previously nearly reached the same results ; or were on 
tiie very eve of attaining them. Thus Savary and Newco- 
men united, did but little more than the Marquis of Wor- 
cester had done before them, but had not applied to pur- 
poses of real^utility ; Watt found a competitor in the person 
. of Gainsborough ; and but a few weeks would have placed 
Stevens on the very eminence where Fulton now stands. 
The fitness of the time at which these several inventors 
succeeded in their projects, if it be rather to be ascribed 
to good fortune than to pre-eminent merit, tends still more 
than any other cause to separate them from their competi- 
tors. Had the mines of Cornwall been still wrought near 
the surface, Savary or Newcomen would hardly have found 
a vent for their engines. Had the manufactures of England 
been wanting in labour-saving machinery, the double-acting 
engine of Watt would have been suited to no useful appli- 
cation ; a very few years earlier than the voyage of Fulton, 
the Hudson could not have furnished trade or travel to 
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support a steam-boat, and the Mississippi was in possesion 
of dispersed hordes of savages. 

But if good fortune in the circumstances of the time, 
or in the success of the enterprize, were to be arguments 
against the honours that history assigns, we should sink its 
greatest names to the level of the most obscure, and those 
who have changed the face of the earth, to those who pre- 
pared, by gradual steps, the means by which the changes 
were effected. In the history of a mechanical invention 
too, it may frequently appear, on a cursory examination, 
that those who by unsuccessful, although ingenious, efforts, 
actually retarded the progress of discovery, are as merito- 
rious as those, who convinced the world of the value and 
practical merit of their inventions. So soon, however, 
as success is attained, jealousy calls up all analagous pro- 
jects, however far from being adapted to the times at which 
they were proposed, or which some simple but undiscovered 
step prevented from being introduced into practice, and 
ranges them on an equal level with, or even exalts them 
beyond, those to whom the world owes the perfected inven- 
tion. 

Conflicting national pride too comes in aid of individual 
jealousy, and the writers of one nation often claim for their 
own vain and inej£cient projectors, the honours due to the 
successful enterpriz^of a foreigner. 

If success be a title to honour in general history, it ought 
to be still more so in mechanical inventions. They require, 
to bring them into use, an union of practical and theoretic 
attainments, the want of either of which may render them 
abortive. Few projectors are thus doubly qualified, at the 
commencement of their career ; and few or none have been 
successful, until by long and costly experience, they have 
added practice to -theoretic knowledge, or have by labo« 
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lious study, brought science to the [lid of mere mechanical 
skill. 

- That steam is capable of exerting a mechanical force 
must have been obvious from the most remote antiquity, for 
we have no reason to believe that man was ever ignorant 
of the use of fire. But to apply steam to any useful pur- 
pose, is an idea comparatively recent. Still, however, the 
remotest antiquity that can be reached by profane history, 
has been quoted as afTording an instance of the employ- 
ment of steamj if not for a useful purpose, at least for one 
that produced no unimportant effect at the time, and eX' 
I cited the curiosity of mankind for centuries. 



139. The elder Hero of Alexandria, who lived about 
130 years before the Christian era, is the first author who 
gives any account of the application of the vapour of wa- 

Iter. We are unable to quote his work in the original, but 
are indebted for a notice of it to the beautiful little treatise 
of Btuart, to which we, once for all, acknowledge 'our 
obligations.* In this work it is stated, that Hero expressly 
ascribes the sounds produced by the statue of Memnon, to 
steam generated in the pedestal, and issuing from its mouth. 
Now by the researches of ChampoUion, who is the highest 
authority on this point, the Memnon of the Greeks is iden- 
tified with Amenophis II., a prince of the 18th Egyptian 
dynasty, who reigned at Thebes 1600 years before Christ. 
Here then we have an application of steam, if the surmise 
^of Hero be true, before the date of the Exodus of the Is- 
lelites. We must, however, express our opinion, 'that this 
B rather an ingenious explanation of the philosopher him- 



* Hiilorical and Beseriptice Amedolis of Sfeam-ETig-ines, and of Iheir 
WJwentori and InipTovciKenti, by Robert Stuatt, Civil Engineer. — Lon- 
I'don, 1829. 
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self, of the mode lo which he could hare eff«eted the same 
object, than an account of what was really performed by 
the Egyptian priests. 

130. Hero constructed or described more than one in- 
strument, entitled to the epithet of steam engine. Two of 
them, of which one would have answered to raise water, 
and the other, produced a rotary motion, are figured below. 




In the figure marked a, a is a ressel in which water » 
boiled ; the pipe c proceeds nearly to its bottom ; the steam 
will therefore accumulate in the upper part of the Tessel, 
and force the water in a jet through the pipe c, A foun- 
t^n may thus be formed, on which may be supported the 
ball o. 

In the figure marked c, o is a similar vessel ; two pipes, 
a and e, proceed from it ; these are bent towards each 
other, and serve as pivots to the sphere i, in which there 
are openings corresponding to those in the pipes a and c. 
From points in the sphere diametrically opposite to each 
other, proceed the pipes m and n, which are bent towards 
the end at right angles, and directed to opposite sides of 
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the apparatas. The steam generated in the vessel o passea 
through the pipes a and c, into the sphere t, and thence 
into the pipes m and n, issuing from which in opposite di- 
rections, it, by its reaction, gives a rotary motion to the 
sphere. 

Hero does not give the slightest hint that his invention 
was capable of any useful application, nor does he appear 
to have imagined that he was in possession of an instrument 
that was in future ages to produce such important results. 

The Greek philosophers, however, seem rarely to have 
attended to the practical value of their investigations ; it 
was sufficient for them to discover and to astonish ; and 
even when they mention arts and instruments that seem to 
have been actually introduced, they avoid contemptuously 
all notice of their uses in the arts. << The ancient philoso- 
phers," says an ingenious author, <^ esteemed it an essential 
part of learning to conceal their knowledge from the unin- 
itiated ; and a consequence of their opinion that its dignity 
was lessened by its being shared with common minds, was 
their considering the introduction of mechanical subjects into 
the regions of philosophy, as a degradation of its noble pro- 
fession, insomuch that those very authors among them, who 
were the most eminent for their own inventions, and were 
willing by their own practice to manifest unto the world 
these artificial wonders, were notwithstanding so infected 
by this blind superstition, as not to leave any thing in wri- 
ting, concerning the grounds and matters of these opera- 
tions ; by which means it is that posterity hath unhappily 
lost, not only the benefit of these particular discoveries, but 
also the proficiency of these arts in general. For when 
once learned men did forbid the reducing them to vulgar 
use and vulgar experiment, others did thereupon refuse 
those studies as being but empty and idle speculations ; 
and the divine Plato would rather choose to deprive 
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iMO^i^ii ot thca« useful and excellent mventions than ex- 
ttn*! rtK rcvtM^iQ to the ignorant vulgar." We are 
in.'-v-i^ ^.ivx iTVit b<tpp:er times. The student and tbe 
'Muv.v>i'tt u •v.v-ji:^ xc l><a^rshut thenoselves up from the 
>u»-i i-'f.t. ^1- iiuu ':3«:7 .ic-^^itioos like mysteries from 
to. •u-,-.^, »ui ii<.--.r vii.-iei3<i-firoar is to bring their leam- 
v^ :■}.%.■ -^ti^iX X umi iir 3iaj calc'uUte it for the most wide 
.-saoKitMutt/iu lua !:3iibic U to prodocc tbe most exteiin?e 



1-52. Van Eolipyle, howerer, was an instrument well 
iutuMTu to the aocients. It was applied by tbem to but one 
^^Ik object, that of exciting the energy of combustion. 
It U mentioned by Vitruvios, Lib. 1. Cap, \1., as an illus- 
tration of tbe causes of the winds, it was supposed that 
the blast actually proceeded from tbe Eotipyle, but as steam 
would not support combustion, we must look to some other 
cause for its effects in this respect. We find it in the 
latere communication of motion that takes place among 
fluids, by which a current of air is made to follow tbe course 
of the steam that issues from the neck of tbe Eolipyle. We 
gire a figure of this instrument. 
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It is composed of a globe or other hollow vessel A, to 
which a pipe B is adapted. If a portion of water be intro- 
duced, and the vessel placed over a fire, steam will be gene- 
rated and issue forcibly from the narrow apperture. If it 
be mounted on wheels it will recoil by the reaction of the 
escaping vapour ; and a rotary motion may be produced, 
by two pipes, but in opposite directions, as in the machine 
of Herd. 

133. A knowledge of some of the properties of steam 
seems to have been retained during the flourishing periods, 
and even to the decline, of the Roman empire. In the 
reign of Justinian, a dispute occurred between Anthemius, 
the Architect of that Emperor, and the Orator Zeno, which 
allows this fact. Yet the knowledge was here applied to 
mere purposes of private malice, while it might, by the 
exercise of no greater ingenuity, have produced important 
and useful consequences. From this period until the re- 
vival of learning, we find no record of any use of steam, 
either for useful or entertaining purposes. 

134. Cardan is the earliest modern author in whom we 
detect any hint of a knowledge of the mechanical proper- 
ties of steam. This extraordinary man, who united all the 
learning of his age with even more than all its superstition, 
appears to have known, not only the expansive force of 
steam, but the fact that a vacuum could be produced by 
its condensation ; a fact so important to the action of the 
steam engine. Among his proposals is one, for the use of 
the current of rarified air in a chimney, to produce a rotary 
motion. This, which is the original of the smoke-jack, 
we have seen exhibited recently in New-York, under 
the high sounding pretensions of its being a perpetual mo- 
tion. He, first of the moderns, gives a description of the 
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Eolipyle. The work which contuns the former of these 
plans is dated 1571.* 

135. A German of the name of Mathesius, in ISTl, to 
borrow the words of Stuart, " displayed almost as much 
ins:cnuity, in contriving to introduce so untoward a subject 
into a sermon as a description of an apparatus, answering 
to a steam engine, as would be required to invent the 
machine itself, and which he gives as an illustration, of what 
mighty efforts could be produced by the volcanic force of 
a little imprisoned vapour." 

136. The research of modern writers, among whom we 
may note with the highest praise, him that we have just 
mentioned, has disclosed various persons who seem to have 
had ideas more or less just of the mechanical power of 
steam. The only one that we consider worthy of notice 
is Baptista Porta, a Neapolitan, who lived towards the close 
of the sixteenth century. His machine, which is the germ 
of several that have been noted as original, is figured below. 




BMuf^KiUirietl Anecdotes of the Steam Engine, page 19. 
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Water ia boiled in a vessel A, placed apon a furnace. 
The steam rises through the pipe b into the upper part of 
the box or vessel C, the lower part of which is filled with 
wftter. The pressure of the steam on the surface of the 
water, forces it up the rising pipe D. 

. 137. Next in the order of time ia De Causa. Among 
engines contrived by him is the following. 




A spherical vessel A has a. pipe i> 6 inserted, until it nearly 
reaches its lower part. The vessel is partly filled with 
water, which is boiled, and the steam accumulating in the 
upper part forces the water up the pipe. Here it will be 
observed, that the heated water is itself raised, and the 
powers and utility of the engine are evidently far less than 
diofle of the machine of Porta. 

138. The first person who seems to have had an idea, 
that the power of steam was capable of being applied to any 
other tuefol purpose, than that of raising water was Brancas, 
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an Italian, who proposed to direct the blast issuing from an 
Eolipyle upon the leaves of a wheel, which being set in 
motion by its impetus, might serve to move machinery. 
This method is unluckily imperfect and wasteful, yet the 
attempt is deserving the highest praise, inasmuch as he is 
the only person, who, in the infancy of these investigations, 
entertained any hope of realizing the vast benefits, that 
steam has since conferred upon the world« Had steam 
been confined in its action to the single object of raising 
water, it might have been of notable use in a few cases ; 
but its great and important value, as a prime-mover, has 
been only realized since methods of applying it, to any spe- 
cies of work whatsoever, have been discovered. 

139. This plan of Brancas was repeated by Bishop WiU 
kins ; and Kircher proposed to apply two Eolipyles to 
concur in the same effect. The last named author also 
proposed an engine similar in principle to that of Porta. 

140. Of all those who attempted to apply steam to useful 
purposes, without being successful in introducing his engine 
into general practice, the Marquis of Worcester fills the 
greatest space. He has been claimed by English authors, 
as the first who made any experiments of importance upon 
steam ; and it has been asserted that the next of their coun- 
trymen, who undertook the investigation, did no more than 
copy without acknowledgement, the plans of Worcester. 
Even the first truly successful form the steam engine as- 
sumed, has been shown to be consistent, in many respects, 
with the description of one of the engines of this nobleman. 

It is yet a disputed point, what was actually the form of 
the engine of Worcester. His description is at best vague, 
and is without any figure ; various authors have exercised 
their ingenuity in framing plans of a machine that should 
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be consistent with the expressions of his work. We do 
not consider it important to do so, but shall content our- 
selyes with quoting his own words. They are to be found 
m a little treatise, entitled << Jl century of the names and 
9cantling8 of such inventionSy as at present I CGn call to mind 
to have tried and perfected^ which^ my former notes being lost, 
I have at the instance of a powerful friend endeavoured^ nofo in 
the year 1 655, to set down in such a way as may sufficiently 
tnilruct one to put the whole of them into practice.^^ This 
work was originally printed in London in 1663, and has 
since been six times reprinted ; the reprint of 1813, has 
been consulted for the following, being the 68th Propo- 
sition. 

"An admirable and most forcible way to drive up water 

by fire, not drawing or sucking it upwards, for that must 

be as the philosopher calleth it, infra spheram cu:tivitatisj 

which is but at such a distance, but this way hath no 

bounder, if the vessels be strong enough ; for I have taken 

a piece of a whole cannon, whereof the end was burst, and 

filled it three quarters full, stopping and screwing up the 

broken end, as also the touch-hole, and making a constant 

fire under it ; within twenty-four hours it burst, and made 

a great crack ; so that having found a way to make my 

' vessels so that they are strengthened by the force within 

them, and the one to fill after the other, have seen the wa* 

ter to run like a constant fountain forty feet high ; one 

vessel of water, rarified by fire, driveth up forty of cold 

water; and a man that attends the work is but to turn two 

cocks, that one vessel of water being consumed, another 

begins to force and refill with water, and so successively.*^ 

Vague as this description is, it would still be possible to 

construct an engine that would perform a similar work 

by the expansive force of steam. It would be very inferior 

(D modem engines, but would yet be efifectual. 
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It has generally been imagined that this is the sole refe* 
rence to steam in the Century. But two others certainly 
correspond so closely to the character of our modern high 
pressure engines, that it may not be amiss to quote them 
also. They are the ninety-eighth and hundredth proposi- 
tions of his work. 

<< An engine so contrived that working the primum mobile 
backward or forward, upward or downward, circularly op 
contrariwise, to and fro, upright or downright, yet the pre- 
tended operation continueth and advanceth, none of the 
motions above mentioned hindering, much less stopping 
the other; but unanimously agreeing, they all augment 
and contribute strength to the intended work and opera- 
tion ; and therefore I call this a semi-omnipotent engine^ and 
do intend that a model thereof be buried with me.*' 

^< How to make one pound weight to raise an hundred 
as high as one pound falleth, and yet the hundred pound 
descending, doth what nothing less than one hundred 
pounds can effect. Upon so important a help as these two 
last mentioned inventions, a waterwork is, by many years 
experience and labour, so advantageously by me contrived, 
that a child's force bringeth up an hundred feet high, an 
incredible quantity of water, even two feet diameter, so 
naturally that the work will not be heard into the next 
room ; and with so great ease and geometrical symmetry, 
though it work day and night from one year's end to the 
other, it will not require forty shillings reparation to the 
whole engine, nor hinder one day's work ; and I may boldly 
call it the most stupenduous work in the whole world ; and 
not only with little charge to drain all sorts of mines, and 
furnish cities with water, though never so high seated, as 
well as to keep them sweet, running through several streets 
and so performing the work of scavengers, as well as furnish- 
ing the inhabitants with water enough for their private oe- 
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casions ; but likewise supplying rivers with sufficient water 
to maintain and make them portable from town to town, 
and for bettering of lands all the way it runs. With many 
more advantageous and yet greater effects of profits, admi- 
ration, and consequence ; so that, deservedly, I deem this 
invention to crown my labours, tcf reward my expenses, 
and make my thoughts acquiesce in the way of further inven- 
tions.*' 

In the first of these, steam obviously meets the descrip- 
tion of his primum mobile, for in whatever direction it pro- 
ceeds it is still capable of exerting the same mechanical 
force. The single pound raising one hundred, in the 
second, meets the conditions under which the piston of a 
steam engine acts, for its weight bears even a less pro- 
portion to the power of the ein^ine. 

The following is an eisiifei^iirom a manuscript left by 



the Marquis of Worcester.'^:?^"^. 

^|f By this I can make a vessel bf as great burthen as the 
rivl^raiaBt bear to &:o as:ainst the stream. 



^WBifBt bear to go against the stream. ">.. 

^••vt^A^-:¥f * * * * ' * * %-.- 

** And this engine is applicable to any vessel or brat 

whatsoever, without being therefore made on purpose ; 

and worketh these effects. It roweth, it draweth, it 

. driveth, (if need be) to pass London Bridge, against the 

stream at low water." 

It is to be remarked, that Worcester claims, on his title 
page, the merit of having actually completed, and used all 
the inventions he describes in the work : in support of this 
assertion various evidence has recently been adduced. 

He employed a mechanic for thirty-five years, under his 
directions, in the manufacture of models ; and many of his 
projects that appear, in his manner of announcing them, 
absolutely impossible, have beeiv unexpectedly realized by 
modern inventions. 

27 
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That the steam engine of Worcester was no vague con- 
ception, but was actually put inta operation, a recent dis- 
covery has settled, upon testimony the most convincing. 
The Grand Duke of Tuscany, Cosmo de Medicis, travelled 
in England, in 1656. His manuscript account of his jour- 
ney remained unpublished until 1818, when a translation 
was made and printed. The following is an extract from 
this translation : 

** His highness, that he might not lose the day uselessly, 
went again after dinner to the other side of the city, ex- 
tending his excursion as far as Vauxhall, beyond the pal- 
ace of the Archbishop of Canterbury, to see an hydraulic 
machine, invented by my Lord Somerset, Marquis of 
Worcester. It raises water more than forty geometrical 
feet by the power of one man only ; and in a very short 
space of time will draw up four vessels of water, through 
a tube or channel not more than a span in width." 

Here then, is a description of an engine in actual ope- 
ration, and corresponding in terms with that referred to in 
the century of inventions. 

141. In the several projects of which we have hitherto 
spoken, the expansive power of steam was used alone. It 
was made to act directly upon the surface of water to raise 
it ; or, issuing from the orifice of an Eolipyle, set a wheel in 
motion ; or again, issuing from two tubes attached to an 
Eolipyle, caused that instrument to revolve upon an axis, by 
the reaction of the vapour. In each of these ways, the use 
of high steam is essential to success, and this upon a large 
scale is attended with danger, particularly in the low state 
of mechanic arts, and before the various contrivances, we 
have mentioned in chapter III., were invented. 

The action of steam of a force no more than equal to the 
pressure of the atmosphere, against a vacuum formed by its 
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own condensation, is a far more safe, and as we have seen, 
more useful application of its energy. The researches of 
Stuart seem to show that this was first proposed by a French- 
man of the name of Hautefeuille. He, in the year 1678,* 
published a work in which he intimates that the alternate 
{generation and condensation of the vapour of alcohol might 
be applied, without waste, to the production of mechanical 
effects. We have, however, no proof that this project ever 
went farther than the mere proposal. It is, notwithstand- 
ing, to be considered as one, far beyond the knowledge of 
that age, of the nature and properties of steam. 

142 Sir Samuel Morland, who was cotemporary, ap- 
pears, from the very words he employs, to have been 
merely an imitator of the Marquis of Worcester, and there- 
fore claims no notice among those who aided in the pro- 
gress of the steam-engine. 

143. In 1680, the year previous to that in which Sir 
S. Morland visited France, Dr. Denys Papin, a French 
Protestant, invented the safety valve, which has since been 
of such important service in the construction of the steam 
engine. It was first employed by him in an apparatus 
called the digester. This apparatus is a boiler, within 
which water is retained under pressure, in order that it 
may be heated, beyond the temperature at which it boils in 
the open air. The original object was to extract the gela- 
tinous matter from bones, in order to apply its solution as 
food. To prevent any risk of danger, a conical aperture 
was left in the lid of the vessel, and to this was adapted a 
conical stopper, pressed by a weight suspended at the end 
of a lever. It was in short, identical with the most usual 
form of safety valves at the present day. 

♦ Stuart's " Anecdotes." 
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Although he thus employed water at a high temperatare, 
and had discovered one of the methods that are still in use, 
of rendering the boiler safe, still, it was long before he at- 
tempted to apply the power of steam. The motion of a 
piston in a cylinder, was suggested by him, as a method of 
adapting the expansive force of an elastic iSuid to produce 
mechanical effects. In this apparatus, he at first proposed 
to employ air rarified by heat ; he next attempted to ex- 
haust the space beneath the piston, and make use of the 
pressure of the atmosphere ; and finally, to raise the piston 
by the inflammation of gunpo\*der. In a letter to Count 
Linzendorf, however, he proposes to use steam for the same 
purposes. In thfe Leipzig Transactions, also, for the year 
1690, he repeats the proposition, and explains the princi- 
ple upon which he founds the application of this substance, 
both to raise a piston, and to'produce a vacuum by its con- 
densation. There is, however, no evidence that a separate 
boiler ever entered into his views, without which, it would 
have been impossible, to make any useful application of his 
principle. 

Nothing then, had been actually effected by Papin, in this 
earlier stage of his researches, and he did not extend them 
farther, until steam had actually been successfully employed 
in raising water ; if we can indeed say, that he ever was 
successful in pointing out a mode in which it could be ren- 
dered of practical value. 

144. The history of steam, applied to purposes of ac- 
knowledged utility, commences then with Savary. It has 
been much debated whether this person were in reality an 
inventor, or had merely the judgment to perceive an open- 
ing, for the introduction and adaption of previous discove- 
ries. His own statement is, however, clear, distinct, and 
worthy of credit. Having been, in the early part of his life. 
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ance, be seized die dask and inTerted tbe neck in a ba^ 
of water ; after a ^ort time« be found tbe dask filled witb 
liquid, in consequence of tbe condensation of tbe steam 
forminr a Tacuum, into wbicb tbe water was nised bv tbe 
pressure of tbe atmospbere. 

Tbe Tery form and arransement of bis apparatus b a 
proof of tbe trutb of lus stoiy, for it is no more than a flask* 
sbaped Tessel of iron in which a racuum is formed by the 
condensation of steam. This part of its principle had not 
before been acted upon, nor even thousrht of, except in the 
su^estion of Hautefeuille, which we have before spoken of« 
Tbe action of the vessel, is in this respect identical in prin* 
ciple with that of the common pump. He did not, how- 
ever, limit his views to this single action, but proceeded to 
add to it the action of the forcing-pump For this purpose, 
so soon as the flask was filled with water, steam proceeding 
from the boiler, of a high temperature and correspomling 
tennon, was admitted into the flask, after the comnunuca- 
tion with the water beneath was closed, which acting on 
the, surface of the water contained in the vessel, forced it 
up a lateral pipe. As it was impossible to obtain a perfect 
vacuum by the condensation of the steam, the first part of 
the action of Savary's engine was limited to the height of 
26 feet ; the second part has no limit, but in the tension of 
the steam, and the strength of the materials, of which the 
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vessel and the rising-pipe were composed. This however; 
was> from the imperfect state of materials and workman- 
ship, limited to less than 70 feet, so that the two different 
actions of the engine, working in succession, raised the 
water to little more than 90 feet. Even at this compara- 
tively small limit, the danger attending the use of this en- 
gine became excessive, while the height, to which it was 
capable of raising water, was entirely too small for the 
purpose of draining mines. Several different engines 
placed at different levels would have remedied the last 
defect, but the cost of attendance would been enhanced in 
proportion. Such defects were obvious ; there were, how- 
ever, others which could not be accounted for, until the 
dqctrine of latent heat was discovered, and which we shall 
return to on a subsequent page. 

The cause that affects the action of high pressure en- 
gines, and prevents them from working with the power that 
might, at first sight, have been anticipated, is also to be 
found in operation in this engine. The force required to 
raise water, from sixty-five to seventy feet, is equivalent to 
steam of a tension of not less than three atmospheres ; now 
as the density of steam increases nearly as rapidly as its 
tension, it is obvious that to obtain this, in quantity sufficient 
to fill the vessel, would require the evaporation of nearly 
three times as much water as would fill it, were the tension 
no more than a single atmosphere. Hence, in fact, little 
is gained by the second part of the action of this engine ; 
for water may be raised, with an equal expenditure of fuel, 
nearly as high by condensations, in vessels placed at differ- 
ent levels, as it is by direct pressure of any intensity, 
however great. 

We have placed beneath a section of the engine of Sa- 
vary, which in its complete form was double, one vessel 
receiving the water in consequence of the condensation 
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of the steam, wh3e from the other it was forced up by 
^rect pressure ; these vesBels alternated with each other 
in their operation. 




I is the boiler in which the steam is generated. 

O, steam pipe, by which steam is conveyed to the vessel P. 

f q, pipe communicating with a reservoir beneath ; 
through this pipe the water is raised to the vessel F, where 
the steam is condensed, by the pressure of the atmosphere. 

S, rising-pipe through which water is forced when the 
steam flows from the boiler through a valve on the steam- 
pipe O, which is manoeuvred by the lever z m. 

R R, valves opening alternately. 
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^, reservoir to supply water of condensation ; it receives 
water from the rising-pipe S, through a pipe governed hj 
a float and stop-cock. 

y, pipe through which the cold water falls on the outside 
of the vessel P. 

n, gauge-cock to show the height of water in the boiler. 

We have stated the more obvious defects of Savary's 
engine, as well as one which is not usually quoted. There 
is, however, another of far greater importance, but which 
rests upon a physical principle, entirely unknown at the 
period in which he lived. This grows out of the necessity 
of filling the vessel alternately, with steam of high tension, 
and water of a low temperature. 

When the steam is first admitted into the vessel, it will 
be condensed against it» sides and upon the surface of the 
water ; nor will it begin to act mechanically, until both be 
heated to the temperature of 212'. Its full efiect will not 
take place until both are heated to such a degree as will 
maintain the steam at a temperature, and consequent tension, 
appropriate to the height of the place of discharge. As the 
water is forced out of the vessel, fresh cold surfaces are ex- 
posed, and must be heated in their turn ; and when the vacu- 
um is to be formed, the outside of the vessel is cooled by the 
affusion of water, while the inside is farther copied by the rise 
of water from the reservoir beneath. In these differentways, 
it has been found, by experiments carefully conducted, 
that ||ths of the steam is condensed without acting at all, 
and that of course, a similar proportion of fuel is wasted. 

The engine of Savary, therefore, is confined to a single 
object, namely, that of raising water ; and even this, for 
the reasons we have stated, it does to great disadvantage. 
Still, however, the introduction of this engine was not only 
important as a step to the construction of more perfect 
ones, but it was of itself of some value, when compared 
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with the methodB for nu«ng water that were at tb&t period 



145. An apparatus which, at first sight, bears a strong 
similarity to Sarary's, was constructed by Papln, for the 
£lector of Hesse, in 1707. It differs in having a piston, 
working in the vessel into which the steam is alternately 
admitted and condensed, and makes no important use of 
the pressure of the atmosphere. It appears that, even with 
the aid of the celebrated Leibnitz, he had been unable to 
brii^ his cylinder engine to perfection, and had abandoned 
bis researches, antil again stimulated by the success of 
Sarary. 

Wo pve a figure of tMs last engine of Papin. 




a is the boiler, furnished with a safety valve b, pressed 
down by a weight c, suspended from a lever. Water is in- 
troduced into the boiler through this valve. / is the forc- 
ing vessel, having an aperture at the top closed by the 
valve g. A piston is placed in this vessel, having a socket 
into which a cylinder of iron z, heated red hot, is introdu- 
ced to keep up the temperature of the steam ; water is ad- 
mitted into the forcing vessel through the funnel x, and 
valve h. The rising pipe k enters an air vessel. The ac- 
tion of the steam in the forcing vessel, raises the water into 
28 
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he air teasel, whence, bj the yii—ii of tlie c^ndeiMed 
air, it runs in a continiial stream ; wkn tbe piston has de- 
fcended to tbe bottom of tbe ve:«el/^ tbe rahre d is doaed^ 
and BO more steam dows orer ; the Talres e and g are 
<»peiied ; throa^ tbe former, tbe steam that has been used 
escapes, and through the latter the f<xrm§ Tessel is again 
fiDed. 

14^ The time bad now arrired in wfaicb the wm^M was 
to derifc essential adrant^es from the emfdojnient of 
steam as a moring power. Eren SaTary's engine, ahhoogfa 
nM>re Tafaiable than any other we hare hitherto spoken o^ 
had obTioas defects, which prerented its coming into gene- 
ral use. These obrions defects were remedied by the engine 
of Newcomen and Cawley, their patent for which issued 
in 1705. Departing from the idea entertained by all for- 
mer inrentors, except in the abortire proposition of Papin, 
of making tbe steam act directly to raise water, either by 
acting upon its surface, or by forming a racuum on its con- 
densation, Newcomen and Cawley sought tbe means of 
working tbe brake of a forcing pump. With this riew, 
tbe pump-rod being loaded with a weight sufficient to bring 
it to rest in its lowest position, the brake or lever of tbe 
pump was made with equal arms, and resting on a pivot in 
tbe middle of its length. 

The pump-rod being thus loaded, and attached in this 
manner to one end of the beam, a piston, of size considera- 
bly larger than that of tbe pump, was attached to the other, 
and made to fit a Cylinder, at the upper end of which it 
rested, under tbe preponderating weight of the pump-rod 
and its load. Tbe Cylinder bad in its bottom a valve open- 
ing upwards, by which steam could be at pleasure admitted 
or cut off. To the side of the Cylinder and near its bot- 
tom was attached a horizontal pipe, bent upward, at the 
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open end; in this was placed a valve opening to the air, and 
which is called the snifting valve. Steam of the tempera- 
ture of 212® being admitted into the Cylinder, would from 
its levity rise to the upper part of that vessel, displace the 
air previously contained therein, which flows out through 
the latter valve, making a sound which has given this valve 
its name. If the steam that thus enters the Cylinder, have 
its communication with the boiler closed, it may readily be 
condensed, and a partial vacuum formed, beneath the 
piston. The pressure of the atmosphere will now act, and 
force the piston downwards to the bottom of the Cylinder ; 
the opposite end of the lever-beam will be raised, and with 
it the pump-rod, and the weight with which it is loaded. If 
the communication with the boiler be again opened, the 
pressure on the opposite sides of the piston will again be- 
come equal, and the preponderating weight of the pump- 
rod will cause it to descend, and draw up the piston to its 
primitive position. A second condensation will cause the 
piston again to descend, and the process may thus be kept 
up, so long as the boiler continues to supply steam. 

The condensation in the Cylinder was at first produced 
by cooling the outside, by the affusion of cold water ; and, 
when the action was required to be rapid, by placing the 
cylinder in an external cylindrical space. A hole having 
been accidentally made near the bottom of the Cylinder, 
the water spouted into it, and the condensation was found 
to be much more rapid. This was then imitated, by adapt- 
ing a pipe to the Cylinder, through which a jet was made to 
flow, as often as it was necessary to condense the steam. 
This pipe and injection apparatus, were governed by a stop 
cock or valve placed upon it. Thus there were two valves 
necessary to the action of this engine, and these were to 
act alternately, the one opening as the other closed, and 
vice versa. 
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• 1 47. In the original form of the engine, these were 
worked by hand, a boy being placed within reach of the 
levers that opened and shut them, to perform that opera- 
tion as often as necessary. This employment being ex- 
cessively irksome, one of the persons was not slow to per- 
ceive that it might be performed, even better than it could 
be by any personal attention, by the alternating motion of 
the lever beam itself. This important step towards the 
perfection of the engine, was made by a boy of the name 
of Potter, and was immediately adapted to all the engines of 
Newcomen and Cawley. 

It will be at once obvious, that the steam, in this engine, 
was employed solely to form a vacuum by its condensation* 
and that the pressure of the atmosphere was the efficient 
agent. Hence, as Savary's patent comprized the use of 
steam for this purpose, he was associated in the profits of 
Newcomen and Cawley. 

As this was the sole use that was made of the steam, it 
was unnecessary to generate it of a tension greater than 
that of the atmosphere ; hence its use became perfectly 
safe, while the height to which it was capable of raising 
water, was as great as could be effected by a forcing pump 
worked by any agent whatsoever. This engine, therefore, 
far exceeded that of Savary, both in its ease of application 
and its power. 

On the other hand, the principal physical defects, noted 
as affecting Savary's engine, were still inherent in Newco- 
men's, and its mechanical execution became far more diffi- 
cult. So great indeed was the latter difficulty, in the then 
imperfect state of the arts, that it was found impossible to 
keep the piston tight, except by covering its surface with a 
mass of water, whose presence still further enhanced the 
physical imperfections. The steam being condensed with- 
in the Cylinder, the whole was cooled down at each stroke 
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to the temperatare of condensation, while the part of the 
Cylinder above the piston in its lowest position, was still fur- 
ther cooled, by the mass of water employed to render it 
tight. On the re-admission of the steam, the whole was 
again to be heated up to the boiling point ; thus the waste 
of fuel was quite as great as in the engine of Savary. 

Another imperfection grew out of the partial nature of 
the vacuum, that it was possible to produce in the cylinder. 
Water which boils under the ordinary mean pressure of the 
atmosphere at 212^, rises into vapour at all temperatures 
whatsoever, and boils at lower temperatures under dimin- 
ished pressure. Hence, so soon as the piston began to de- 
scend, the action of atmospheric pressure was lessened by 
the generation of fresh steam, and although this was in its 
turn condensed, its place would be occupied by new steam 
of a lower temperature, and a resistance would be opposed 
to the descent of the piston. 

In consequence of this retarding force, it was found in 
practice, impossible to make the pressure of the atmospherei 
which is, at a mean, 151bs. per square inch, act upon the 
piston with a mean force of more than T^lbs., and ft-om 
this, in estimating the action of the machine, the friction, 
and other retarding forces, are to be deducted. This en- 
gine, therefore, consumed about twelve times as much fuel 
as would have generated steam sufficient to fill the {cylinder, 
and worked with but half the force the moving agent was 
capable of exerting. 

The rectilineal motion of the pump and piston rods wa«, 
in this engine, accommodated to the circular motion of the 
ends of the lever-beam, in a very simple and ingenious man- 
ner. The ends of the beam were made in the form of arcs 
of circles, and the rods were suspended from them liy 
chains, attached to the highest point of each arc. I'hus an 
the active pressure of each of these, in the performance of 
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its share of the work was vertically downwards, it was 
always applied directly to the beam, the two rods being 
respectively, always in the direction oftangents to the cir- 
cular arcs formed upon the working beam. 

1 48. The valve apparatus of Potter, called by him the Scog- 
gan, was, in 1718, superseded by a more perfect arrange- 
ment invented by Beighton. A frame or bar was attached 
by a chain, working also over a circular arc, to the lever 
beam ; projecting pieces or pins, forming a rack, were 
attached to the frame ; the valves were moved by quad- 
rants cut into teeth, and acting upon a rack connected with 
the spindle of the valve ; to each of these quadrants was 
attached a lever, which was pressed by the pins upon the 
frame, through a circular arc, until it passed the line of 
motion of the frame, and was disengaged ; from this posi- 
tion, the lever was made instantly to return to its original 
place, by the action of a weight. These levers being also 
furnished with handles, to enable the valves to be open and 
shut by hand, the apparatus was called the Hand GeaVy the 
frame and pins, the Plug Frame. This mode of working 
the valves continued to be used up to the beginning of the 
present century, with but little improvement ; nor has it 
yet fallen wholly into disuse. 

The engine of Newcomen is exhibited in the annexed 
drawing, by which its mode of action and the uses of its 
several parts may be better understood. 
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o is the boiler. 

1, tbe steam pipe. 

I, tbe Bteam valve. 

e, the Cylinder, into which the injection water is seen 
playing through the valve and pipe p. 

r, the piston. 

I) the snifting valve. 

% a reservoir of water, whence tbe injection pipe is snp- 
F^ and water flows through the pipe n to keep the pis- 
ton tight 

The injection water is dischatged through the pipe i, 
uid the excess of that floating on the piston by the pipe h. 

* is the weight attached to the pump-rod, by the action 
of which tbe piaton ia returned to its highest position. 
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The lever beam and pump are too obvious to need de- 
scription. 

149. The engine of Newcomen and Cawley was improv- 
ed in its mechanicar structure by Smeaton, and derived 
additional force from the general improvement of the me- 
chanic arts. Smeaton also formed tables of the dimensions 
of the several parts. With these improvements it is still 
occasionally used, particularly in places ivhere fuel is 
cheap and abundant ; where its small cost, and its safety, 

;^r'4re considered as more than counterbalancing the great 
waste of fuel with which it is attended. 

150. In 1718, a German engineer, of the name of Leu- 
pold, published a work containing a description of two en- 
gines, the merit of which he ascribes to Papin. They are, 
however, rather to be considered as ingenious applications 
of his own, of the principle of that inventor, aided by the 
knowledge of what had been effected by Savary and New- ' 
comen. In one of these, the steam was made to act alter- 
nately upon the surface of water in two vessels, and it is so 
similar in every thing, but the form and position of its parts, 
to the engine of Savary, that we do not conceive it neces- 
sary to describe it minutely. The second is a high pressure 
engine with pistons, and is extremely ingenious, besides 
being remarkable as the first in which steam of high ten- 
sion was made to act upon a piston. I'he first of these is 
liable to all the objections, that we stated 'in speaking of 
Savary's engine. The second is far better, and even pre- 
ferable in many respects to the engine of Newcomen. It 

is besides applicable to the production of a continuous ro- 
tary motion, and is therefore the first that could have been 
applied to general purposes in the arts/ Of this last engine 
we have in consequence given a figure. 




Steam is generated in the boiler c, and flows tbence 
through the pipe d, it is represented as passing through one 
of tbe passages in a four-way cock, beneath the piston a, 
wbile the steam that had filled the other cylinder is escap- 
ing into the air through tbe passage e. The piston a works 
ft lever and the pump-rod g, wbile b works another lever, 
and the pump-rod/, 

h is the &re-placc. 

Tbe two pumps force water alternately into the rising 
pipe i. 

Did the levers act upon cranks situated upon the same 
ftxis, a continuous rotary motion might be produced. 

Steam in this case is the moving power, and is not con- 
densed as in tbe engine of Savary. It, therefore, is con- 
stantly retarded hy the pressure of an atmosphere, and 
' %9 
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must have a tension of at least two atmospheres in order 
to work to advantage. 

The history of the steam engine is thus brought down, 
from the most remote period at which the power of that 
agent was first suspected, until it assumed a definite form, 
and became capable of useful application. Hitherto, how- 
ever, but one species of work came directly within its 
scope. In the succeeding chapter, we shall find its phy- 
sical defects remedied or removed, and its application 
finally made universal, to every species of manufacturing 
industry. 



CHAPTER VIII. 

CONCLUSION OF THE HISTORY OF THE STEAM ENGINE. 

Power and Defects of J^TewcomerCs Engine. — Birth and edu^ 
cation of Watt. — Professor Robison. — Watfs first experin 
ment. — Professor Anderson. — Waifs second experiment. — 
Inferences. — Separate Condenser. — Steam applied as the 
moffing power. — Packing. — Jacket and Air-pump. — Work- 
ing Model. — Dr. Roebuck. — Experimental Engine. — 
Watfs first patent. — Gainsborough^ s claim. — Boring ap" 
paratus. — Form of Watfs first Engine. — Saving of Fu- 
el. — Projects for rotary motion. — Fitzgerald^ Stewart, and 
Clarke.^-Double^cting Engine of Watt. — Washborough 
€Md Pickard. — Crank. — Sun and Planet Wheel. — Othw 
Inventions and Improvements by Watt. — Homblower. — 
WaJtfs patent extended. — Governor. — Introduction of steam 
into various mechanic arts. — Expiration of Wat fs patent: — 
Cartwright and Sadler. — Murray, Maudslay, and Ful- 
ton. — Woolfe. — Oliver Evans. — Trevithick and Vivian. — 
Rotary Engines. — Conclusion. 

151. In the preceding chapter, the prominent defects of 
the engine of Newcomen and Cawley have been pointed 
out In spite of these, it had been found of immense value 
in practice, in raising water for the supply of cities, and 
more particularly in draining mines. So great, indeed, had 
been the advantages derived from it in these cases, that 
hopes had been from time to time entertained that this en- 
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gine might be rendered efficient in performing work of 
other descriptions ; and it had even been thought of as the 
means of propelling boats. That the energy of the prime 
mover was adequate to any of these purposes was certain, 
but mechanical difficulties opposed its application. Even 
had these been overcome, the engine was liable to physical 
imperfections, that had not at this period been suspected, 
far more formidable than those which are merely mechani- 
cal. The latter, we now know, are so great in amount, 
as to have prevented the atmospheric engine from compet- 
ing with almost any other prim^ mover, except in a few 
particular cases. These objections, whether physical or 
mechanical, might have been gradually removed ; the form- 
er by the general progress of the arts, the latter by the 
discoveries in physical sciences with which the close of 
the last century teemed. The steam engine, however, 
was not destined to wait for the slow changes, which follow 
the application of purely theoretic principles to practical 
purposes. A single individual was found, who, by his own 
researches and unaided effi)rts, reached the law of the re- 
lations of steam to heat, that was about the same time dis- 
covered in its more general form by Dr. Black. This illus- 
trious individual was James Watt. 

152. Watt was the son of respectable, but poor parents. 
His grandfather exercised the profession of a schoolmaster, 
his father that of a merchant in Greenock, in Scotland. 
Having received the elements of a liberal education, which 
the excellent school system of Scotland places within the 
reach of all. Watt, at the early age of sixteen, became the 
apprentice of a maker of optical instruments in the city of 
Glasgow. Two years afterwards he removed to London, 
and obtained employment from a maker of mathematical 
and philosophical instruments. In this employment, his 
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health became affected, and he was compelled to return to 
fais native district. 

In undertaking business on his own account, he would 
have preferred Glasgow, as offering far greater prospects 
of success than Greenock, and hence became anxious to 
settle in the former place. To this plan, however, obsta- 
cles presented themselves, in the form of the laws of the 
corporation, by which the exercise of a trade was restricted 
to those entitled to the privileges of a burgess, to which 
Watt had no claim. From this state of difficulty he was 
fortunately relieved, by the interposition of the professors 
of the University. This institution possessed, as a remnant 
of ancient privileges, the right of claiming immunity from 
the corporate restrictions, and Watt was furnished by them 
with apartments within the college buildings, in which he 
pursued his trade. 

153. His attention was first called to the subject of 
steam by Professor Robison, then a student of the Uni- 
versity of Glasgow, at a date as early as the year 1759, 
but their researches were attended with no important 
advances. 

154. In 1761, Watt made experiments with an apparatus 
resembling the engine of Leupold ; but becoming aware 
of the danger attending the use of high steam on a large 
scale, he ceased from any farther pursuit in that direction. 

155. In 1764, he was employed by Professor Anderson, 
then holding the chair of mechanical philosophy in that 
institution, to repair a working model of Newcomen's 
engine. The obvious waste of steam that he found to 
attend the action of this model, and the great quantity of 
injection water it required, struck him as facts unaccounted 
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for by any previous scientific reason. Suspecting that the 
first defect might arise from an erroneous estimate of the 
comparative densities of steam and water, he, by a few 
nrople experiments, endeavoured to ascertain the true 
relation, and found that water in becoming steam expands 
itself, under ordinary pressures, to 17 or 1800 times the 
bulk it had previously occupied. This is not far from the 
the truth, as we now know from more accurate experi- 
ments, and corresponded with the estimate of Smeaton. 
At this density for steam, his experiments shewed that six 
times as much steam, as was simply sufficient to fill the 
Cylinder, was expended at each stroke of the piston. He 
at once attributed this increased expenditure to the cooling 
of the Cylinder. The great quantity of injection water 
next engaged his attention, and the high heat the Cylinder 
retained, in spite of the large quantity admitted. By adapt- 
ing a bent tube, immersed in a vessel of water, to a com- 
mon tea-kettle, he introduced steam into the water, which 
was condensed and heated the water. By inquiring into 
the gain of weight that had taken place when the water 
reached the boiling point, he inferred that it required six 
times the weight of the steam, simply to effect it condensa- 
tion, without lowering its temperature, or that 1800 
measures of steam were capable of heating six measures 
of water to their own temperature, although derived from 
no more than one measure of water. Thus he reached 
experimentally one of the most important facts of the 
doctrine of latent heat, a doctrine that had been that very 
year taught in the same institution, for the first time, by 
Dr. Black. On communicating the result of his observa- 
tion to that distinguished chemist, he received from him an 
explanation of that doctrine, which furnished the con- 
firmation and rationale of the phenomenon he had ob- 
served. 
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His experiments also shewed him that the pressure of 
■team increased in geometric progression, while its tempe- 
rature was raised in arithmetic. The decrease of tension 
at lower temperatures follows a similar law ; and hence, 
Ae pressure of the atmosphere on the piston never acted 
with a force greater than eight pounds per square inch. 

166. Thus, then, the cause of the imperfections of New- 
comen's engine, became apparent at one and the same 
time, by the aid of actual experiment, and by the applica- 
tion of the general theory of Black. But it was far less 
easy to point out the remedy for these defects, than to 
discover the cause. It was evident that to obtain all the 
power the steam was capable of exerting, the Cylinder 
should not be colder than the steam which entered it; 
while on the other hand, the condensed steam, should not 
raise the injection water above the temperature of 100°, 
at the very outside, while a lower temperature would be 
preferable. The mode which he adopted, of meeting these 
two requisites, is as simple as it is ingenious ; yet it was not 
attuned without great study and reflection on his part. 

157. It was not until a year after his performance of the 
experiments we have spoken of, that it occurred to him, 
that if a conmiunication were opened between the Cylinder 
of the steam engine, and another vessel exhausted of air, 
the steam would rush suddenly into the empty vessel ; and 
that provided the latter were kept cool, by being immersed 
in water, or by injection, the steam would continue to flow 
until tiie whole were condensed. 

168. With this idea he appears to have entertained, at 
the same time, the intention of using steam itself as the 
moving power, instead of atmospheric pressure, and his 
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161. These views were submitted to the test of experi- 
ment, first in an apparatus of small size, and finally in a 
working model, whose Cylinder was nine inches in diame- ' 
ter. The results were as satisfactory as his most sanguine 
expectations could have anticipated, and convinced him 
that he had discovered the means by which all the physical 
defects of the ancient engines could be remedied ; the steam 
no longer wasted by admission into a cylinder cooled by 
injection ; and a vacuum far more perfect obtained, than had 
ever been before reached. 

The expense of constructing a steam engine, and the 
diflSculty of inducing capitalists to embark in an untried 
scheme, seems to have deterred him from bringing it for- 
ward, and he devoted himself, for upwards of three years 
morp, to pursuits far beneath the powers of his mind. 

162. It is even, at the present day, rare to find in men 
wholly devoted to business pursuits, that acquaintance with 
physical principles, which will enable them to judge of the 
merits of an improvement in the arts, that rests wholly on 
those principles. And such was the invention of Watt, 
which difi*ered,as far as superficial examination could reach, 
from the engine of Newcomen, only in the addition of a 
cumbrous appendage, of which the light of physical science 
alone could exhibit the appropriate use, and manifest all 
the importance. For information of that description, it was 
in vain to seek among the traders of Glasgow at that early 
period, and Watt wisely determined to keep his discovery 
to himself, until he could meet with a person qualified to 
appreciate its merits. Such a coadjutor he at last found 
in the celebrated D. Roebuck, a person to whom Great 
Britain is under great obligations as the founder of the 

30 
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Carron works, in which the manufacture and application of 
cast iron was brought to that degree of perfection, which 
has added so much to the wealth of that country. 

Educated in the most liberal manner, and for a learned 
profession, he became an adept in all the chemical and 
physical sciences of the day, and had applied his knowledge 
to the establishment of a chemical manufacture whence he 
was deriving enormous profits. These he undertook to 
apply to mining for coal and iron at Kinneil, and to the 
establishment of the celebrated manufactory of iron, of 
which we have spoken. 

163. His scientific intelligence at once appreciated the 
whole merit of Watt's improvement, and he gladly furnish- 
ed the funds for constructing an experimental engine, which 
was tried in the drawing of water from one of the mines at 
Kinneil. This engine worked as well as had been antici- 
pated, and Watt was furnished by Roebuck with the means 
of securing his invention from piracy, in the form of a 
patent. 

In return for his advances, Roebuck became joint pro- 
prietor of the patent, and from his capital and influence^ 
Watt had reason to hope for the speedy introduction of his 
invention into general use. But Roebuck had embarked 
in schemes beyond the reach of his finances, and of these, 
one, so far from being profitable, was ruinous to his fortune. 
The Carron works indeed flourished, but the mining specu- 
lation made no returns, and so far from being able to assist 
Watt any further, he was himself compelled to abandon, 
not only his least promising scheme, but also that which was 
going on successfully, and thus to leave to others to profit 
by the fruits of his intelligence and enterprize. In the 
wreck of his affairs, his share of Watts' patent passed into 
the hands of his friend Bolton of Birmingham. This skil- 
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ful and enterprising merchant, was not only well qualified 
to appreciate the merit of Watt's invention, but possessed 
the capital, by the aid of which alone, it could be brought 
into successful operation. 

164. The first patent of Watt is dated in March, 1769, 
and when an application was made to Parliament for its 
extension, opposition was made, on the plea that the most 
important part of his invention, the separate condenser, 
had been invented at a period, at least as early as the date 
of the patent, by a person of the name of Gainsborough. 
This claim was, however, set aside in consequence of clear 
an§ decided proof, that Watt's method was not only origi- 
nal with him, but earlier in date. 

166. It does not appear that any other of the methods 
by which Watt had rendered his engine so superior to 
all former ones, had occurred to Grainsborough or any 
other person. Still we have no reason to doubt, that 
Gainsborough had actually, and by investigations of his 
own, reached the plan of a separate condenser, and 
we cannot but believe, that the study of the doctrine of 
latent heat, might have led others, at a date not much later, 
to a similar discovery. That the improvements in physical 
science had rendered the world ripe for the introduction of 
Watt's invention, need be no diminution of his great merit ; 
for, if not the only one who thought of the remedies we 
have mentioned above, he was undoubtedly the first, and 
prior by several years to any other person. Nor is it 
merely by priority of invention that Watt is to be distin- 
guished ; there was a finish and completeness about every 
plan that emanated from his mind, which suited it at once 
for practical usefulness. 
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This indeed was a peculiar trait of the genius of Watt ; 
invention was with him so much a habit, that he rarely 
examined any project without suggesting improvements, 
while caution, almost amounting to timidity, led him to keep 
back from the world his own discoveries, until he felt as- 
sured of their success. This excess of caution would 
probably have retarded, if not wholly prevented his success, 
had he not been fortunate in his connexion with a partner, 
who possessed the boldest spirit of mercantile enterprize, 
united to the most consummate judgment and prudence. 
In this point of view, we may consider the world as being 
almost as much indebted to the intelligence and business 
ability of Bolton, as to the genius of Watt. 

English writers have spoken of Watt as illiterate and de- 
ficient in education. If he is to be judged by the standard 
of classical knowledge, to which alone the name of learning 
is given in that country, the assertion might be true. But 
we should rather be inclined to cite him as an instance of an 
education exactly directed to die purpose of rendering him 
useful, in the important career to which he was called. The 
public schools of Scotland, if the mere pedantry of classical 
knowledge be neglected, give that species of instruction 
which extends the power of using the vernacular tongue 
for all business and practical purposes; Watt besides be- 
came a good practical geometer, and his early pursuits 
compelled him to be acquainted with all the physical sci- 
ence that was then known. When to this was added 
practical skill in mechanical operations, we cannot but 
think that Watt had derived from education, that knowledge 
which was exactly suited to render him eminent. 

166. We have stated that the engine of Watt dispensed 
with the use of water, for the purpose of keeping the piston 
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tight, and that a greater degree of accuracy was in conse- 
quence required in the workmanship. The Cylinders of 
steam engines are cast hollow, by means of a core that fills 
up a part of the mould. They are then reamed out and 
brought to the proper size by means of a borer, or tool affixed 
to a revolving axis. Great improvements in the boring of 
Cylinders were introduced by Smeaton at the Carron works, 
but the method was not, at the date of Watt's patent, so per- 
fect, as to give the interior a form wholly independent of the 
original shape of the cavity. But Watt had the advantage 
of receiving, just as he. was about establishing a manufac- 
ture of steam engines at Bolton's works of Soho, near Bir- 
mingham, a new method of boring. This was the inven- 
tion of Mr. John Wilkinson, a proprietor of iron works, at 
Birsham, near Chester. Watt immediately availed him- 
self of this improvement, and was, by means of it, enabled 
to furnish Cylinders of a perfection of workmanship, that 
had previously been despaired of. In a Cylinder of fifty 
inches diameter, constructed by him at an early date, the 
greatest error was less than the sixteenth part of an inch. 
This perfection of workmanship was almost essential to the 
introduction of steam into general use, as a prime-mover of 
machinery ; for, although the process of raising water had 
been, and might still have been efiected with advantage by 
Cylinders of less accuracy, the durability of the engine 
would, even in this very limited application of its powers, 
have been lessened, while the delicate operations it now 
performs, would have been impracticable. This method 
of boring was still further improved, until a six foot Cylin- 
der could be bored, with no error greater than the fortieth 
part of an inch. 
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167. In the first en^ne of Watt, the piston was attached 
by chains to th6 lever beam^ from the opposite end of 
which the pump-rod, loaded with a weight, hung. The 
primitive position of the instrument, is therefore, the same 
as in that of Newcomen, namely, the pump-rod preponde- 
rates and holds the piston in its highest attainable position. 
The engine has three valves, by one of which steam is admit- 
ted beneath the piston into the Cylinder, where it displaces 
the air and fills its cavity wholly. So soon as the Cylinder 
is thus filled with steam, this valve is shut, and the remaining 
two are opened ; through one of these the steam passes 
into the condenser, which acts to convert the steam into 
water, partly in consequence of the coldness of its sides 
kept constantly immersed in a cistern of water, and partly 
by the oii of a jet of injection water ; through the other 
valve, steam flows from the boiler and presses dpwn the 
piston, thus causing a motion at the opposite end of the 
beam, and raising the pump-rod. The piston having 
reached its lowest position, these two valves are closed. 
It thus becomes necessary, that the piston should be again 
raised to its original position, by the weight attached to the 
pump-rod. This might have been done, by allowing the 
steam situated above the piston to escape into the sur, and 
permitting steam to flow into the lower part of the Cylin- 
der. The pressure on both sides of the piston being thus 
nearly- equalized, the weight would have preponderated 
and raised the piston. But in this case a Cylinder full of 
steam would be condensed at each descent of the piston, 
and another allowed to escape, without effect, at each as- 
cent. The waste of the last mentioned quantity of steam 
was thus obviated by Wfttt ; a pipe was adapted to the 
side of the Cylinder, in^ Which the two steam valves were 
placed, so that the communication, from the lower of these 
valves with the boiler, could only be effected by opening the 
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upper one. Hence, in first filling the Cylinder, both of 
these valves must be opened at once, in all other cases 
they act alternately. The upper valve was placed above 
the passage by which steam enters into the upper end 
of the Cylinder, and thus only the lower steam valve inter- 
vened between the steam acting on the piston from above, 
and that rushing into the condenser from below. The 
piston having reached its lowest position, the steam and 
condensing valves shut, and the valve in the side pipe 
opens ; a communication is thus made between the steam 
above the piston, and the part of the cylinder beneath it, 
the weight of the pump-rod then acting upon the pistoli, will 
meet with no other opposition than the friction of the piston 
itself, and the resistance which the steam experiences in 
passing through a pipe ; the weight will therefore prepon- 
derate, the piston will be drawn up, and the steam will 
circulate, from the upper side of the piston through the 
side pipe, and fill the space beneath the piston. 

The upper valve alone is a steam-valve, except when the 
engine is to be set in motion, when the second valve is 
opened with it, and admits steam to the lower part of the 
cylinder. In all other cases, the latter is merely a valve of 
communication, and may be called the equilibrium valve. 
The third valve may be called the condensing valve. 

This arrangement may be better understood by the 
inspection of the following figure. 
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168. Still further to diminish the loss of heat, Watt 
pumped back the water of condensation into the boiler ; 
by these several improvements so great a saving of fuel 
was obtained, that the patentees asked no other remunera- 
tion for the use of the invention, except one-third part of 
the value of this saving. In a single mine in Cornwall, 
where three of their engines were employed, this compensa- 
tion was commuted for £8000 sterling per annum. 

The valves still continued to be opened and shut by an 
apparatus similar to the plug-frame and hand-gear of 
Beighton, but improved, and rendered more easy in its 
action; the former became a part of the rod of the 
pump, by which the vacuum of the condenser was main- 
tained. The pump and piston-rods were still suspended 
by chains from circular arcs forming parts of the lever- 
beams, and the air pump rod was suspended in the same 
'•" maimer ; the latter therefore required a weight to return 
it downwards, after it had been raised by the beam. 

The condenser and pump underwent various modifica- 
tions before Watt was satisfied with their action, and finally 
assumed the form described in treating of the double- 
acting engine. 

169. Previous to the time of Watt, there had been but 
little demand for steam, as a moving power, for any other 
purpose than that of raising water, and for several years 
after his first researches, the state of the manufactures of 
England was not such as to require powers beyond what 
could be obtained from natural waterfalls, or the action of 
the wind. Savary had indeed proposed to make the water 
raised by his apparatus fall upon an over-shot wheel, and 
thus to apply the power of steam to any manufacturing 
purpose whatever. Similar projects had been entertained 
in relation to the Engine of Newcomen. Neither of these, 
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however, could have been applied to any advantage, in 
consequence of the great cost of fuel they must have occa* 
sioned, particularly as the effective power of a wheel is 
considerably less than the absolute mechanical force of the 
water employ ed.^ 

The several projects of steam-boats that we shall here- 
after speak of, necessarily required rotary motions, bat 
these were all imperfect and abortive. Leupold's engine 
alone, had the two pistons been applied to cranks situated 
upon the same axis, could have produced a rotary motion ; 
but the inventor does not appear to have been aware of the 
value of this part of his own invention, or at least did not 
consider this application of it of importance. 

170. In 1757, a person of the name of Fitzgerald at- 
tempted to take off a rotary motion from the piston of 
Newcomen's engine by means of ratchet-wheels, that 
could be forced forwards during the descent of the piston, 
but would remain fixed during its ascent. The continuity 
of the motion was to be kept up by a fly-wheel. This wail 
too imperfect a method to be successful, and had no result. 
A similar project was entertained by persons of the names 
of Stewart and Clarke, who attempted to apply it to sugar 
mills in Jamaica, but this like the other, was abandoned as 
impracticable, or useless. Still later, at a colliery in Eng- 
land, a drum for raising coal had been worked by an 
atmospheric engine, but even this rude apparatus was hut 
imperfectly driven. Hence it was left for Watt to fit the 
steam engine for general use, as well to improve it in its 
application to the sole purpose, in which its energies had 
been successful, before his day. 

.171. The first step towards making the steam engine 
capable of producing a contmous motion in machinery. 
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was to make the piston work during its ascent as well as its 
descent^ for both in the atmospheric engine, and the first - 
engine of Watt, the moving power is exerted only to press 
down the piston, and it is afterwards returned to its origi- 
nal position, by the action of a counterpoise. 

Watt, whose caution was equal to his genius, proceeded 
in his inventions by slow and gradual steps. His first 
enguQie hardly varied from Newcomen's in externar form, 
and was in truth, rather a great and all-important improve- 
ment upon that imperfect apparatus, than an invention 
absolutely original. In the same manner his double-acting 
engine was obtained by a slight and simple alteration of his 
former one. It was required that the piston should be 
forced upwards as well as downwards by the steam, he 
effected this by adding one additional valve to the three 
employed in his single-acting engine. The equilibrium 
valve of the single engine became a steam valve, instead 
€^ serving as a mere communication between the opposite 
fides of the piston, and the valve that was added was one 
forming a communication between the condenser and the 
upper part of the cylinder. Hence it was necessary that 
fhe steam-pipe should extend to the lower pair of valves, 
and the condensing pipe to the upper ; the side pipe was 
thus doubled. The improved hand gear of Beighton was 
still retained, to open and shut the valves. 

The mode of operation of this engine has already been 
folly explained, it is therefore unnecessary to repeat it 
here. .But it did not at first assume the perfect form in 
which it has been represented in chapter IV. The steps 
by which Watt proceeded were as follows. The rectiline- 
al motion of the piston-rod haying been rendered capable 
of exerting an equal force, both during its ascent and 
descent, a connexion with the beams by chains was no 
longer sufficient ; for although they would be efficient in 
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drawing the beam downwards, their flexibility would not 
admit of their forcing it upwards. It hence became ne- 
cessary that their connexion should be made of a rigid 
material, and yet in such a manner as to permit the recti- 
lineal motion of the one, to accommodate itself to the 
circular motion of the other. True to his general system 
of slow and cautious improvement, Watt attempted at first 
no violent alteration. The circular end of the lever beam 
was merely cut into teeth, or rather had a toothed segment 
bolted to it, and for the chain a rack was substituted, 
which caught into the teeth of the segment. Thus the 
stroke of the piston became effective, both during its ascent 
and descent. It will be obvious, however, that this is a 
rude and imperfect method, and he speedily contrived a 
better in the shape of the parallel motion. 

172. About the time that Watt undertook to adapt his 
principle to general purposes, an engineer of the name of 
Washborough attempted to attain a similar end, by means of 
the atmospheric engine. His plan was very similar to Fitz- 
gerald's, and was improved by Pickard. Engines of their 
joint construction came into use in Gloucestershire, and 
at the block manufactory of Mr. Taylor, at Southampton. 
The first actual application of the crank to the steam 
engine, seems to have been due to Pickard. 

173. Watt however at an earlier date, conceived the idea 
of making two single-acting cylinders act upon cranks situ- 
ated upon the same axis, and thus produce a continuous 
rotary motion. In the attention, which the introduction of 
his engine into use for raising water required, this idea 
was suffered to remain unimproved until he had completed 
the plan of making the engine double-acting, and of com- 
municating the motion of its piston to the beam, by the 
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rack and toothed segment. To apply the motion thus 
obtained to general purposes, it became necessary, to con- 
vert the reciprocating motion of the beam into one contin- 
uous and rotary. That a crank was the most simple and 
obvious means of performing this has already been shown, 
and Watt recurred at once to the idea we have stated 
above, as having suggested itself to him, except that in the 
double-acting engine but one crank would be necessary. 
Various simple and familiar instruments have rotary mo- 
tions, that are produced by'this instrument. Among these 
xnay be mentioned, as of most frequent occurrence, the 
Potter's wheel ; the turning lathe ; and a variety of the 
spinning wheel, then in constant use, although now nearly 
obsolete' The friends of Watt assert that his views were 
communicated by a workman, who passed from his em- 
ploy to that of Pickard, but there is no reason why both 
may have not fallen upon the same simple and obvious plan 
of producing the same kind of motion. Be this as it 
may, Pickard took out a patent for the application of the 
crank to produce a rotary motion in the Steam Engine, 
and Watt satisfied that his own ingenuity could provide a 
substitute, did not attempt to contest it, but left it as an 
obstacle in the way of his other competitors. 

174. To produce the eflFect that the crank was intended 
to perform, he adapted to his engines an apparatus called by 
him the sun-planet wheel. This is represented on the 
following page. 
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*, Connecting Rod 

X X, Fly-wheel, 

0, Wbeel fixed upon the axis of the the fly-wheel. 

&i Wheel revolving npon a pivot at the extremity of the 
connecting-rod. 

The wheels a and b, havb^ equal radii, whose anm is 
equal to the length of the stroke of the engine, the teeth of 
the wheel 6 wiU apply themselves to those of the wheel a, 
daring the whole motion of the engine. The wheel b will 
tnm the wheel a around, and cause the axis of the wheel, 
to which the latter is attached, to revolve. The former 
wheel will also itself revolve. 

It will be obvious that the axis of the fixed wheel must 
reTOlve twice as fast when driven in this manner as it does 
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when propelled by means of a crank ; there are, in conse- 
quence, cases where it may be better suited to the required 
work than the crank ; such was the case in the earlier adap- 
tations of Watt's engine to manufacturing purposes. When 
however, in his subsequent engines, a crank furnished a 
better and more suitable speed, he did not hesitate to 

employ it, confident in the priority of his own claim to its 

application. 

176. We have thus seen Watt taking up the engine 
in a very imperfect state, gradually perfecting it in its 
application to its ancient purpose, and finally renderiug it 
'uuVersal in its uses. He also made many accessory im- 
provements, by which its use was rendered more easy and 
certaui. Of these we may particularize the steam-guage, 
the barmometer guage for the vacuum of the condenser, 
tbe self-acting feeding apparatus, the self-regulating damp- 
er, and the form of boiler which is yet most generally 
employed with double-acting condensing engines. 

Under his directions the hand-gear of Beighton was 
firet improved, and finally superseded by the eccentric, and 
the long slide valve was introduced. The eccentric and 
slide valve were claimed also by Murray of Leeds, but 
although he may, perhaps, be entitled to the merits of a 
^parate discovery. Watt was successful in showing the 
priority of his own claim to them. 

After the parallel motion was added to the en^ne, the 
t^etmi still continued to be of wood, as was the connecting 
^ Subsequent steps led to the substitution of the more 
uuQexible material cast-iron, and the pivots of the parallel 
iiU)tion, instead of being, as before, placed beneath the 
l>eim, were now cast upon it, and turned down to the 
proper size and shape. Frames and pillars of iron to 
support tbe beam were gradually substituted, for the floo^ft 
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of buildings, and walls, that were at first used ; brass boxes 
forming the sockets for all the circular motions were 
introduced; and the external beauty of the machinery 
improved by perfection of finish, that added equally to the 
power and durability of the engine. It was in 1778, that 
Watt made the piston act during both its motions, and he 
did not cease, to the very end of his life, to extend its use- 
fulness, and improve its structure. 

No valuable addition to the condensing engine was made 
except by himself or under his direction, if we leave out 
those of Murray, which we have mentioned, and to which 
Watt was able to substantiate an earlier and more authen- 
tic claim. 

. 176. The application of steam acting expansively is also 
due to Watt. One of his single engines employed it in 
this manner at Soho, as early as 1776 ; and he used it also 
in his double-acting engines almost from their first con- 
struction. We have seen, in another place, that he did 
not reap all the advantages of which this method is capable, 
nor was he permitted to hold it, as an invention of his own^ 
without contest. Two brothers of the name of Homblower, 
in 1782, took out a patent for the use of the same principle, 
but by means of two Cylinders. In the first of these the 
steam acts by its tension, and produces an efiect equal to 
that which it does in the high pressure engine. On escap- 
ing from this it enters a second and larger Cylinder, in 
which it expands, and from the opposite side of whose 
piston the steam flows alternately to the condenser. Thus 
then, the resistance, which the atmosphere opposes to high 
steam, is removed, and the efiect of its expansion brought 
into play. As the separate condenser interfered with the 
patent right of Watt, this plan could not be brought into 
use, nor was it desirable that it should, for an engine of 
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equal power on this construction is more costly than that 
of Watt, and it is difficult to make the two Cylinders 
employed, one containing high, the other expansive steam, 
act in such harmony, that one of them shall not be retarded 
by the other. 

177. Five years ol Watt's patent had run out, before he 
had fairly introduced his single engine into use. He 
therefore made application, in 1775, for an extension of the 
usual period, and the application was, after much opposi- 
tion granted. Thus by a noble effort of national gene- 
rosity the profits of his discovery were secured to him for a 
term of years sufficient to remunerate him for his labours 
and sacrifices. The patent-right thus extended became 
the object of a series of attacks, leading to judicial investi- 
gation ; but in spite of the interested and continual oppo- 
sition, the patent was in every case maintained. 

It is, indeed, highly to the credit of the institutions of 
Great Britain that this long contest, should, in all its points, 
have been constantly decided in favour of him to whom 
the world, after an interval that has deadened all partial 
feeling, assigns unanimously the merit of discovery. Such 
an honourable result, we fear, could hardly have been at- 
tained in our own country, in which the most carefully 
guarded patent-rights are proverbially insecure, and those 
inventions which have added most to the national wealth, 
have been those that have been of least pecuniary value to 
the inventors. 

A conical pendulum had been applied to mills of various 
descriptions before the time of Watt. The suggestion of 
the valuable use, to which it might be' applied in the steam 
en^e, is said to be due to a Mr. Clarke, of Manchester ; 
we do not, however, know whether he ever applied it in 
practice. It was, whether as an ori^nal invention of his 
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motion, tbe connecting rod, the sun and planet wheel, 
the rods of his air, cold, and hot water pumps, were all 
adapted to this part of the ancient apparatus, and from the 
use made of it in working tbe latter, it appeared to be 
almost indispensable. In Cartwright's engine the beam 
was suppressed altogether, and with it the separate pumps. 
A cross-head was placed upon the piston rod, bearing two 
short connecting rods, that turned the cranks of two 
wheels of equal diameter catching into each other, and a 
pinion attached to the axis of the crank was driven by one 
of them. As this engine did not work as well as the 
double-acting engine of Watt, it merits no fiurttior notice, 
at this stage of the history ; although had it itpipfNffed be- 
fore the improvements of Watt, it would haf^.&een of 
great value. Cartwright is, however, to be menti<nied with 
high praise, as the inventor of the metallic packing for pis- 
tons, which, as has been stated on a former page, promises 
to supersede all others. 

Sadler's engine was a single-acting engine, differing from 
Watt's principally in the position of the equilibrium valve, 
which was situated in the piston itself. A wheel was fixed 
to an axis passing, at right angles, through the top of the 
piston-rod ; this worked between guides, and on the oppo- 
site end of the axis was placed the connecting-rod that 
turned the crank of the fly-wheel. The rod of the air- 
pump was worked by a short lever, the centre of whose 
motion was at the end, instead of the middle, as in the an- 
cient beam, and which, having no other work to do but 
that of pumping, was much lighter than the latter. 

From the date of the expiration of Watt's patent, the 
use of the double-acting condensing engine has been 
extended in a rapidly increasing ratio, insomuch that far 
more engines are now made at Soho, in spite of the ardent 
competition of various other manufacturers, than were 
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ordered while Watt was possessed of the sole right of 
making engines as well as using his principle. 

181. The improvements made in the condensing engine 
since that period, have principally consisted in the finish 
and perfection of the parts, and in this Murray of Leeds 
has been most distinguished. His engines having a beauty 
of proportion, and accuracy of workmanship, exceeding 
most others. In England, the beam has been continued 
in almost all cases except in the engine of Maudslay, while 
in this country it has, in many instances, been laid aside. 
The fitrstengines constructed in America for Fulton's steam- 
boats hvre the form represented in PL YII. which is superior 
to that of either Sadler or Maudslay. Where the beam is 
retained, the parallel motion has been superseded in several 
American engines, by a simple slide to guide the connecting 
strap. The adaptation of this to the lever beam is the 
invention of Mr. R. L. Stevens, whose name we shall have 
occasion to quote hereafter as a successful constructor of 
steam-boats. 

The eccentric and slide valve belong to this last period 
of the history of the double-acting engine, but their inven- 
tion has been already referred to. 

182. The use of the expansion of steam has been stated 
to have originated with Watt, and we have mentioned the 
attempt of Homblower, to adapt the same principle to an 
engine composed of two Cylinders. This, which was 
defeated in consequence of its interfering with Watt's 
patent, was revived in 1804 by Woolfe, with a boiler for 
generating high steam. This engine has been found to 
work to great advantage ; but for reasons mentioned in 
speaking of Hornblower's engine, it will be obvious that 
steam of equal tension would act to greater advantage in 
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an engine composed of but a single Cylinder. This last 
method has received great extension in several American 
engines, but is yet far from having attained the perfection 
in practice, of which a consideration of its theory has 
induced us to consider it susceptible. 

It has been seen that the plans proposed during the term 
of Watt's patent, were either such direct infringements as 
to be prohibited by legal proceedings, or wholly inferior in 
utility to his inventions. The very year, however, that saw 
his patent expire, also saw the introduction into use, of two 
engines, that, had they been brought to perfection before, 
might have competed with that of Watt upon equal terms. 
For the history of one of these, we are compelled to go 
back almost to the date of Watt's earlier discoyeries. 

183. Oliver Evans, well known in this country as an 
excellent mill-wright, entertained the idea of the possibility 
of propelling wagons by the action of high steam, as early 
as 1772. Soon after, he ascertained, by experiment upon 
a small scale, the practicability of so doing ; and in 1786, 
applied to the State of Pennsylvania, which (under the old 
Confederation) had not parted with this attribute of sove- 
reignty, for an exclusive privilege. It is well to remark 
that his engine was intended to be double-acting, and that 
even this last date is but little later than the construction of 
the engines for the Albion mills, whose principle was long 
kept secret by Watt. His applications, both for private 
and public patronage, were treated as the reveries of in- 
sanity, and it was not until 1801, that success in his pro- 
fession enabled him to raise the funds for erecting an 
experimental engine. This was first applied to grind gyp- 
sum, and afterwards used in sawing marble. It was pub- 
licly exhibited in Philadelphia in that year. 

In 1804, he was employed by the corporation of Phila- 
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delphia to construct a dredging machine worked by steam, 
with which he made successful experiments, both on loco- 
motion, and navigation by steam, that will be mentioned 
in their proper place. Not the least of the improvements 
of Evans lies in the form of his boilers, which he was the 
first to make in the form of a cylinder ; a form that we 
have already shewn to be preferable to any other yet pro- 
posed. His first experiments were made with a gun bar- 
rel, and he steadily adhered to that form in his subsequent 
operations. 

The engine of Evans retained the lever beam of Newco- 
men, and has been copied in this respect in many Ameri- 
can engines, of which the beautiful one figured on PL Y., 
is a specimen. In others, the arrangement in PL Til. has 
been adopted, and others again are horizontal, as repre-% 
sented on PL VI. The latter form has hitherto been 
principally used on the Mississippi and its branches. The 
high pressure engine came more early into general use in 
the United States, than it did in Europe, and long experience 
has rendered its proportions better understood in our coun- 
try, than they are in England. It is with us the favourite 
form^ except in the steam-boats of the Atlantic coast. In 
these, a fear of the greater danger, with which it was thought 
to be attended has prevented, its introduction. It seems, 
however, to be now almost conceded, that, with proper 
precautions, boilers generating high steam may be render- 
ed as safe as any others, and hence the conclusion has been 
drawn that high steam, acting expansively, as it is the most 
powerful application of steam, will, wherever circum- 
stances will admit, supersede all other methods. 

184. The year 1801 also witnessed the construction of 
the high pressure engine of Trevithick and Vivian. The 
boiler in this case was a Cylinder of cast iron ; the fire was 
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made within it, and hence it is less safe than the boiler of 
Evans. The Cylinder was immersed in the boiler, in order 
to retain the heat of the steam. In the first engines it was 
attempted to condense the steam ; but this is always at- 
tended with disadvantage, unless when the steam has had 
an opportunity of cooling itself by expansion. The fly- 
wheel, connecting rod, and crank were above the Cylinder, 
and no parallel motion or beam was needed. In the ap- 
plication of the engine to locomotion, a plan of connecting 
rods like those on PI. VII. was finally adopted, but, so far 
as we can learn, only one connecting rod was used at first, 
even in this case, as in the en^nes of Sadler and Maudslay. 
Suqh is the history of the engines that are now in actual 
use, or have served as steps to the present state of the art. 
Another class remains to be mentioned. 

185. Watt had included in his first patent a method of 
producing a rotary motion by the direct action of steam, 
but had with sound judgment abandoned it, in favour of 
a double-acting Cylinder engine. In spite of this virtual 
acknowledgment of the inferiority of this principle, innu- 
merable projects have since been entertained of rotary 
engines. The result of these experiments may be sum- 
med up in a few words. The advantage to be derived is 
in fact of but little moment, while the mechanical difficul- 
ties that lie in the way are such as have hitherto prevented 
any experiment on rotary motion, produced by the direct 
action of steam, from being successful. 

The Cylinders of engines have occasionally been stts- ' 
pended on trunnions ; in this case the piston-rod may be 
applied directly to the crank. The earliest of these was 
one constructed by French in 1808, in a steam-boat in the 
Harbour of New- York, a model of which of the same 
date is among the apparatus of Columbia College. 
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186. In the brief sketch we have thus given of the 
History of the Steam Engine, many ingenious contri- 
vances and inventions have been passed over. These 
have been omitted for want of space, and because few of 
them, however ingenious, have had any prominent effect 
in introducing the steam engine into more general use. 
The different forms of boilers that have been proposed, or 
even actually used, would occupy no small room. The 
object of our essay is, however, accomplished when the 
engine has been traced, from its first rude beginning, to 
those forms in which it is found in most common use, and 
when we have noticed those different inventions, that have 
tended to faciliate its progress, or by which it has been 
fitted the better to subserve the purposes for which it was 
invented. The most important step is undoubtedly that 
made by Watt, and it is remarkable in the history of the 
arts, not more for the immense value that it has had in its 
practical application, than for being the result of scien- 
tific research, ^nd the study of physical principles, by the 
most elegant and accurate processes of induction. 
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CHAPTER IX. 

1 

APPLICATIONS OF THE STEAM ENGINE. 

General view of the applications of the Steam Engine. — 
Raising water. — Chinding com. — Cotton Spinning. — 
mN*avigation. — Bossufs laws of the impact of fluids. — 
Principles of the action of Paddles. — Juan^s laws of the 
action of fluids on solids moving in them. — Maximum 
speed of vessels. -^Power required to propel paddles. — 
Relation between the power and the surface of the Paddles. — 
Laws of the motion of Steam-boats. — Theory of paddle 
uheels. — Comparison between theory and observation. — 
Practical Rules. — Steam-boat engines. — History of Steam 
navigation. — ^Spplication of Steam to Locomotion. — HiS' 
tory of the Steam carriage. — Conclusion. 

187. The steam engine is now applied to almost every 
species of manufacturing industry, and as a substitute for 
the labour of men and animals in almost every art, and in 
mauy of the other cases in which they were formerly 
employed. In its earliest forms it was used to raise water, 
and still in its more perfect shapes fulfils the same object ; 
it performs almost every variety of manufacturing mani- 
pulation ; propels vessels through the water ; and drags 
carriages upon railways, and even upon common roads. 

188. In raising water, pumps may be adapted to the 
beam of the engine, and the useful effect may be safely 
taken, at the raising of 240001bs. one foot high, for every 
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260 STEAM-BOATS. 

horse power of the engine, estimated in the manner that 
has been pointed out. 

189. In Grist mills, it is estimated that the power of 
five horses is necessary for every run of stones, and for 
performing the work necessary to supply them, moving the 
whole of the usual labour saving machinery. In applying 
the engine to this purpose, rotary motions of the proper 
velocity are taken off from the axis of the crank, by 
systems of wheels and pinions. 

190. In'manufacturing machinery, the motions are taken 
off in the same manner. It would be tedious, nay impossi- 
ble, to recite every particular case of this sort, we shall 
therefore limit ourselves to the spinning of cotton. In 
this branch of manufacture, it is estimated, that each horse 
power will drive 200 throstle spindles, or 1000 mule spin- 
dles, and perform all the work of preparing the cotton for 
them. 

Those subjects which appear to require more full illustra- 
tion in this work, are the propulsion of vessels, and the 
motion of carriages upon rail-roads. 

191. Vessels are, generally speaking, propelled through 
the water, by the action of paddle-wheels, and this, 
although the simplest and most obvious method, is also 
that which has hitherto been found preferable to any that 
has been proposed. To set this apparatus in motion, it is 
merely necessary to place it upon the axis of the crank of a 
steam engine, whether furnished with a lever beam, or of 
the simpler form exhibited upon pi. VII., in which that part 
of the older engines is suppressed. It will thus acquire a 
velocity equivalent to a complete revolution, during a com- 
plete ascent and descent of the piston, or during two 
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Strokes of the engine. The force exerted by the wheels 
depends upon the velocity with which they strike the 
water, which is obviously the diflFerence between their own 
velocity of rotation and the progressive velocity of the 
vessel ; upon the immersed area of the paddle ; and the 
fluid resistance of the water. The velocity of the vessel 
will depend, upon the force with which the wheel tends to 
impel it, on the one hand, and the resistance the water 
opposes to its progressive motion on the other. 

To determine the velocity that a given engine will give 
to a vessel, and the conditions under which it may produce 
a maxunum of eflFect, is evidentally a problem of great 
complexity. We do not conceive that it has ever been 
solved in a manner perfectly satisfactory, either in theory 
or practice, nor do we hope to give any important 
addition to the knowledge of this subject, from our own 
investigation. 

The' resistance of fluids, to bodies moving in them, is 
governed by laws that are far from simple, and these affect 
the motion both of the vessel and the wheels ; while in the 
estimate of the action of the wheels, the velocity of the 
vessel comes in as an essential element, and this can hardly 
be determined accurately by any preliminary investigation. 
The speed of a steam engine is limited, by the quantity of 
vapour of the proper tension that the boiler can furnish, 
and with this, that of the paddle is connected, within 
restricted limits, unless a system of wheels and pinions be 
resorted to, which is not the case in American steam-boats. 

Even the simplest point concerned in the investigation : 
namely, the velocity of the wheel through the water, at 
which a maximum effect would be produced, does not 
appear to have been solved. 
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192. The researches of Bossut gives us the laws, which 
fluids follow in impinging against solid bocUes. These are 
as follows, viz. 

1. With equal surfaces similarly inclined to the fluid, the 
resistances are nearly proportioned to the squares of the 
velocities ; 

2. With equal velocities, and equal inclinations of the 
surfaces to the fluid, the resistances are proportioned to 
the areas of the surfaces ; 

3. With equal velocities and equal surfaces, the resist- 
ances are nearly proportioned to the squares of the sines 
of the angles of inclination, until the angle of incidence 
diminish to 50^ ; beyond this the diminution is more rapid. 

4. The measure of the action of a fluid upon a plane 
surface, is equal to the weight of a column of water, whose 
height is that whence a heavy body must fall to acquire the 
velocity. 

The action of paddle-wheels are governed by laws that 
cannot differ much from these, which hold good in the case 
of simple impact, because the circumstances which influ- 
ence the motion of bodies moving in masses of fluids, and 
which we shall state hereafter, have little effect upon pad- 
dles. 

In bodies whose resistance varies with the square of the 
velocity, the theorem of Parent shews, that a maximum of 
effect is attained when the velocity of action is one-third of 
the greatest attainable velocity. 

193. To apply this principle to the case before us, we 
conceive, that a course must be taken analogous to that 
which is employed, in investigating the maximum action of 
the power of men and of animals. Here the speed that 
can be acquired and kept up by a violent exertion, is never 
taken into view, and that is assumed, as the basis of the 
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calculation, which can be persevered in, for the number of 
hours in which the force can be usefully applied per day. 
In other words, the limit of ordinary application, within 
which the law of regular action holds true, is made use of. 
And so in investigating the action of water upon bodies, we 
would assume that the velocity, at which the resistance be- 
gins to increase at a rate obviously greater than the square 
of the velocity, must be taken as the limit. 

If this velocity be ascertained, the speed at which the 
maximum of eflFect is attained, is one-third of it The great- 
est speed of a vessel will be this velocity, or three times as 
g^eat as that with which the paddle-wheels move through 
the water when acting at a maximum ; and as the effective 
velocity of the wheels, is the difference between their own 
rate of rotation and the velocity of the vessel through the 
water, the relation between the most rapid motion that can 
be given to a vessel, and that with which its paddles should 
move to produce a maximum effect, is as three to four. 

194. The greatest speed of vessels, and consequently 
the masimum velocity of paddle-wheels, may be exa- 
mined, either by the aid of theory, or ascertained by actual 
experiment. For the theoretic investigation we shall 
have recourse to principles of Don George Juan. 

It is conclusively shewn by this author, that the resist- 
ance, which opposes the motion of bodies moving in fluids, 
may be divided into three parts. 

1. A resistance growing out of the disturbance of the 
conditions oi equilibrium, and arising from the friction of 
the fluid. This is a constant force. 

2. The fluid resistance proper, which varies with the 
square of the velocities. This has so small a co-efficient, 
that it is insensible at small velocities, but increasing with 
their squares, it speedily becomes the most important, and 
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the first bears then so small a relation to it, that at mean 
velocities this need alone be taken into view. 

S. The wave raised in front of the moving body, and a 
want of support from behind, growing out of the space 
which the body leaves unfilled behind it, when the velocity 
becomes great. The mere resistance, growing out of these 
causes, increases with the fourth power of the velocities, but 
in addition, the weight of the body must be raised upon an 
inclined plane, and hence will arise a limit beyond which 
the velocity of no vessel can be carried. 

At small and mean velocities, this species of resistance 
is wholly insensible, but it finally becomes, in consequence 
of its rapid increase, the most important of the three. It 
is when this occurs that we would fix the limit of the speed 
that can be advantageously given to a vessel, or with which 
a paddle can be impelled. 

195. To determine the limit experimentally, we must 
have recourse to what is observed in the motion of ships. 

The maximum speed of fast sailing vessels is usually 
taken at 12 geographical miles per hour, but is said that 
there are instances of vessels having reached 15, and steam- 
boats have recently been constructed which a little exceed 
the former limit. We shall, however, assume 12 geo- 
graphical miles, or 13.2 English miles as the limit. This is 
equivalent to 1 9 . 5 feet per second, one-third of this is 6. 5 feet, 
which is, according to our principles, to be taken for the 
maximum relative velocity of a steam-boat's paddle-wheel. 

196. To determine the power required to propel the 
paddle with this velocity, it is to be considered, that the 
measure of force depends not only the resistance over- 
come, but the velocity with which it b conquered. Hence 
the resistance estimated above as being equal to the weight 
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of a column of water whose base is the area of the paddle, 
and whose height is that whence a heavy body must fall to 
acquire the velocity, is to be multiplied by the velocity per 
minute, and the product divided by the weight raised by 
the unit of power in the same space of time. 

The height due to a given velocity is found by dividing 
the square of the velocity per second by the constant 
number 64. 

The unit of power is 32,0001bs. raised one foot high, but 
this is probably reduced in the machine itself, as we have 
heretofore seen, to 24,000lbs. Hence we would have the 
following rule : 

Multiply together the cube of the relative velocity, the num^ 
her of seconds in a minute, the weight of a cubic foot of water 
in Ibs.y (621) and the area of the paddle in feet, divide the 
product by the constant number 24,000 multiplied by the con^ 
stant number 64, the quotient is the horse power. 

The other rules deduced from theory, are as follows : 

In the same vessel, and with a constant relation between 
the area of the paddle-wheels and the transverse section 
of the vessel, the velocities are as the cube roots of the 
powers of the engines. 

The relation between the velocity of the wheels and of 
the vessel is constant, so long as the ratio between their 
surfaces remains the same. 

197. If we apply the rule we have just given, to the case 
of a paddle-wheel working at a maximum or with a velo- 
city of 6.5 feet per second, we shall find that each horse 
power of the engine should be capable of impelling a pad- 
dle of half a square foot. But a paJdle does not act during 
the time of its immersion in the water with equal intensity, 
tind although no loss of power might arise from this cause, 
the obliquity of its action applies a part of the force to re- 

34 
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sistances, that do not assist in propelling the vessel. Thus, 
on entering the water, a part of the force is applied to lift 
the wheel from its axis and on quitting the water to press 
it down. In addition, a quantity of water is raised upon 
the paddle, a part of whose weight acts in direct opposition 
to the moving power. The loss growing out of these 
causes can only be investigated experimentally. We shall 
attempt this from a comparison of the circumstances of the 
steam-boats North-America, and President. The former 
navigates the Hudson River, and is remarkable for a speed 
that has hitherto never been equalled, by any other steam 
vessel ; the latter plying between New- York and Provi- 
dence, it has been found in her construction, necessary to 
preserve stability as well as to obtain speed, and if her ve- 
locity be less than that of the former, she still combines the 
two qualities of speed and safety, in a degree superior to 
any vessel we are acquainted with. 

The particulars necessary for our purpose in relation to 
the President, are as follows, viz : 

Breadth of beam, S2 ft. 6 in. 

Draught of water, 9 ft. 

Diameter of Water-wheels, . . 22 ft. 

Length of bucket, 10ft. 

Depth of do S ft. 6 in. 

She has two engines of the following dimensions : 

Diameter of Cylinder, .... 4 ft. 

Length of Stroke, 7 ft. 

Number of double strokes or complete revolutions of 
paddle-wheel per minute 21. When but one engine works 
the number of revolutions of the single wheel on which it 
acts are reduced^to 17^. 

The average passages to Providence have been perform- 
ed, when both engines acted, in 15^ hours ; when but one 
was used, in 19|. 
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The distance between New-York and Providence is usu- 
ally estimated at 210 miles ; carefully measured, however, 
xipon a map, it is found to amount to no more than 160 
nautical, or 184.3 English miles. From these data, the 
average velocity of the boat through the water is very 
nearly 12 miles per hour, or 17.6 feet per second ; the 
average relative velocity of the wheel 6,5 feet per second, 
when both wheels and engines were in motion ; the ave- 
rage velocity of the boat when but one engine worked, be- 
comes 9.45 miles per hour, or 13.86 feet per second ; the 
relative velocity of the wheel 6.3 feet per second. 

The wheels, therefore, move with a relative velocity al- 
most identical with that which our theory has shown to 
correspond to a maximum effect. But the actual effect is 
far beneath the rule we have laid down. Estimated from 
a comparison with other condensing engines, those of the 
President would have each a nominal power of about 70 
horses, which in consequence of the rapidity of their action 
is increased to about double ; but by the rule on page 138, 
the power of each of the engines is that of 160 horses. As 
each paddle has a surface of no more than 35 square feet, 
each horse power drives no more than 0.22 feet of paddle, 
or less than one-fourth of a square foot. And it would 
appear from comparing th(5 relative velocities in these two 
cases, as if, in this vessel, the proper ratio between the 
moving power and the paddle had been attained. 
The North- America has the following dimensions : 

Breadth of beam, 30 ft. 

Draught of water, 5 ft. 

Diameter of Water-wheel, . . . 21ft. 

Length of bucket, . , . . . 13 ft. 

Depth of do. 2 ft. 6 in. 

She has two engines of the following dimensions : 

Diameter of Cylinder, .... 44^ in. 
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Length of Stroke, 8 ft. 

Double Strokes per minute, 24 

The estirpate of her speed furnished by her owners, is 
19.8 feet per second, or exceeds our theoretic limit by 
three-tenths of a foot. The relative velocity of the wheel 
b 6.6 feet per second, exceeding our theoretic limit one- 
tenth of a foot. The relation between the velocities of the 
boat and the wheel is as 3 to 4, or identical with that 
chosen by us as the most advantageous. 

The power of each of the engines estimated by the rule 
on page 138, is 186 horses, the area of each paddle S2| ; 
and hence each horse power propels no more than 16 hun- 
dredth parts of a square foot through the water. 

The velocity of the wheel is, however, greater than that 
of the President in the ratio of 6.3 : 6.6, or of 21 to 22 ; 
which makes the comparison more favourable than would 
at first appear, to the North-America. For, conceiving 
the wheels of the former to work to the greatest possible 
advantage, each horse power would, at the increased rela- 
tive velocity the latter has, propel no more than one-fifth 
of a square foot of paddle. 

The powers of the engines of both boats, as estimated 
by us, far exceed what would usually be ascribed to them 
from a mere consideration of their dimensions. Those of 
the President being of the size of condensing engines usu- 
ally estimated at 110 horse powers; those of the North- 
America, at 98 horse powers. This difierence arises from 
the great speed with which they are driven ; it being usual 
to give no more velocity to the piston of a condensing 
engine than about 200 feet per minute, while that of the 
North- America has 384 feet, and that of the President 
336 feet. 

The near coincidence of the actual performance of these 
boats with our theory, except in one respect, is a tolerable 
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warrant for its accuracy. The point in which this differ- 
ence occurs, is the area of paddle that can te driven by 
teach horse power of engine. Our rule on page 265 
would make this force equivalent to move half a square 
foot with the velocity of 6.5 feet per second, while in the 
tsase of the President the actual performance, reduced to 
that velocity, is no more than one-fifth of a square foot, 
while in the case of the North-America it falls as low as 
one-sixth. The disturbing causes that effect this variation 
from the theory are obvious, and have been explained, but 
it is not easy to reduce them to calculation. 

198. We have seen that the resistance sustained by a 
body moving in a fluid is proportioned, to the square of its 
velocity^ and the area of its section. 

The moving force, necessary to give a vessel a given 
velocity, must therefore, as has also been stated, be equal 
to this resistance multiplied by the velocity, or propor- 
tioned to the cube of the velocity ; and in similar vessels 
the resistance is proportioned to the square of one of the 
homologous dimensions. 

Thus to obtaip double the velocity in a given vessel, and 
with given wheels, eight times the force must be employed, 
and so on. 

But as the space passed over in a given time is propor- 
tioned to the velocity, the actual expenditure of power, 
in performing a given distance, is proportioned to their 
squares of the velocities. 

These laws, however, are only true when the weight of 
the engine is considered as constant, but as this increases 
in a greater ratio than the power, it will make the acquisi- 
tion of great velocities still less advantageous. 

An obvious advantage will be gained by increasing the 
size of the vessels, for the resistances vary as the square of 
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similar dimensions, while the tonnage increases with their 
cubes. 

It has been imaginerl l\v some, that the motion of steam- 
boats was different in a (Mincnt from what it is in still water. 
This, however, cannot be the case, unless it be so rapid 
that its slope becomes an important element, forming an 
inclined plane up which the weight is to be lifted. This 
conclusion is obvious from the following considerations. 
When a vessel is in a current, and the propelling force 
ceases to act, she speedily acquires the velocity of the 
fluid, and is relatively at rest in respect to it. If the pro- 
pelling force be steam applied to wheels, and they be set 
in motion, the action upon the fluid is precisely the same 
as if no current existed, and hence the velocity through 
the water will be the same as when the fluid is at rest. 
Thus then the velocity, in respect to the shore, will be 
the sum or difierence, of the velocity the vessel would 
have in still water, and that of the stream. The case is of 
course widely different, when the force is applied by chains, 
or other connexion, with a fixed point upon the shore. 

199. The next consideration in respect to paddle-wheels 
is their diameter. This is determined by means of the 
velocity that it is intended to give the circumference, com- 
pared with the velocity of the piston ; the wheel being 
attached to the crank will make half a revolution for each 
stroke of the piston. Hence in this mode of gearing the 
wheels, great velocities can only be attained by a propor- 
tionate increase of the diameters. This is attended with 
several practical inconveniences, first in a great increase of 
the weight, and secondly, in raising the height of the centre 
of gravity. The action of a paddle depends, as has been 
shown, upon its relative velocity, but when the paddles of a 
wheel act in succession, the water will follow in the wake of 
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the first which acts, and the second may, if it succeed at too 
short an interval, impinge upon water that is aheady in mo- 
tion. For this cause, the paddles upon the wheels should not 
be more numerous than is just sufficient to keep up a con- 
tinuous action. The proper arrangement, for this reason, is 
such, that when one paddle is vertical, the preceeding one 
shall be just issuing from, and the succeeding one just 
entering the water. 

When paddle wheels impinge against the water in an 
oblique direction, they sustain a sudden shock, when the 
interval is as great as we have pointed out ; the reaction 
of this sudden resistance upon the engine is injurious, and 
and it checks and destroys the accumulation of power the 
water-wheel might otherwise attain, and distribute, upon 
the principle of the fly-wheel. Hence in the early steam- 
boats, fly-wheels driven with greater velocity than the 
paddle-wheels, were found of great value ; and even in the 
rapidly moving boats of the present day, where the velocity 
and weight of the paddle-wheels enable them to answer 
the purpose of a fly-wheel, these shocks are not without 
an injurious efiect. 

Two difierent methods have been proposed to remedy 
this defect. 

In some English steam-boats, the paddles have been 
placed obliquely upon the circumference of the wheel, but 
still perpendicular to a plane tangent to it ; their inclina- 
tion to the vertical plane, therefore, remains the same as 
in the usual form, but they enter the water by an angle, 
instead of striking with one side, and hence do not experi- 
ence the shock of which we have spoken. 

There is, however, a defect which more than compen- 
sates any advantage to be derived from this arrangement. 
The wheels act in directions inclined to the plane of the 
vessel's keel, and thus a part of their power is exerted to 
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press the vessel in a lateral direction ; and although the 
two wheels mutually neutralize this part of each other's 
action, the whole of the force exerted in this direction is 
wasted. 

A better arrangement has been introduced into Ins 
steam-boats by Mr. R. L. Stevens. The wheel is triple, 
and may be described, by supposing a common paddle- 
wheel to be sawn into three parts, in planes perpendicular 
to its axis. Each of the two additional wheels, that are thus 
formed, is then moved back, until their paddles divide the 
interval of the paddles on the original wheel, into three 
equal parts. 

In this form, the shock of each paddle is diminished to 
one-third of what it is in the usual shape of the wheel ; 
they are separated by less intervals of time, and hence ap- 
proach more nearly to a constant resistance ; while each 
paddle following in the wake of those belonging to its own 
system, strikes upon water that has been but little dis- 
turbed. 

Another loss in the application of the power arises, as we 
have seen, from the water that is lifted by the paddles as 
they pass out of the water. But the loss is not equal to 
the whole weight lifted, for this water will already have 
have acquired a velocity of rotation that will diminish the 
pressure on the paddle, and as the paddle is oblique, the 
actual pressure may be resolved into two forces, one of 
which retards the motion of the wheel, and is lost, while 
the other acts horizontally to propel the vessel. This loss 
will of course be least in large wheels, if the immersion of 
the bucket be constant. The larger the wheel the less 
will be the weight of the water lifted. 

The paddle is not immersed wholly in the water except 
when nearly in its vertical position. Hence it does not 
exert a constant force to propel the vessel, but as the ex- 
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penditure of power from the engine will follow the law of 
the area, no loss arises from this cause. But the inclina- 
tion of the paddle is besides constantly varying, and while 
the water opposes a resistance perpendicular to the surface 
of the paddle, depending upon the area immersed and the 
square of the velocity ; only that part of this resistance, 
which, when decomposed, is parallel to the surface of the 
water, acts to propel the vessel, the rest is wasted upon the 
vessel, whose weight is alternately lifted and forced down- 
wards. It is to this obliquity of action that the great differ- 
ence between the area that theory would assign to paddles, 
and those which have been used in practice, is more par- 
ticularly to be attributed. We have seen that these several 
causes united, have reduced the area of paddle propelled 
by each horse power of engine, in the most advantageous 
case we have considered, to about one-fifth part of a square 
foot. 

. A steam vessel is set in motion with a velocity that gradu- 
ally increases, until it become uniform. At this time the 
resistance of the water to the motion of the wheels, exactly 
balances the progressive motion of the vessel. Hence, 
if we knew the relation between the laws by which the re- 
sistance to plane surfaces, and to those of the figure of a 
vessel are governed, we might determine the proportion 
which ought to exist, between the area of the paddle, and 
that of the midship frame of the vessel. Experiments 
made by the Society of Arts in London, appear to show, 
that when a solid of small size is fashioned into the figure 
, of a vessel, the resistance was not .more than |th of that 
which opposes a plane surface. Other observations make 
the resistance to good models vary from |th to yV*^' 

But observation on a large scale gives far more favoura- 
ble results. In the case we have above quoted of the ste wi* 
boat President, the resistance to the transverse section of 

85 
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the vessel is no more than ^y h part of that incurred by the 
wheels, when both engines act ; while, when but one acts, 
it falls as low as ^V^^* ^^ ^^^ North- America, it appears 
to be no more than ^^^d. No possible danger, then, can 
arise, in assuming, that in a vessel of a good model, the re- 
sistance to the progressive motion falls as low as y^tb part 
of that which acts upon the paddles. If, then, we assume 
for the relation between the absolute velocities of the boat, 
and the wheel, when working to the greatest advantage, the 
proportion already stated of 3 : 4 ; the most advantageous 
size of paddles will be such that the area of each should be 
one-fourth of that of the midship frame of the vessel, or the 
sum of those which act at a time, on both wheels, one-half 
of that quantity. If the engine be so constructed as to give 
the paddle-wheel a rotary velocity of 26 feet per second, 
the boat will acquire a velocity of 13.2 miles per hour. 
This, with other relations and velocities calculated upon the 
same principles, are arranged in the following table. 

Table of the Velocities of Steam-boats and their paddles ^ 
when the latter act at a maximum^ at different ratios be^ 
tween the areas of the paddles^ and the midship frames. 
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These results are, of course, only approximative, and 
will be affected in a very material degree by the figure of 
the vessel, and various other circumstances that no theory 
can take into account. 
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200. Our practical rules may now be summed up and 
recapitulated, as follows, viz. 

1. The relative velocity of the circumference of the 
wheel, should be, in all cases, six and a half feet per 
second. 

2. Each horse power of engine, calculated according to 
the rules on page 138, will drive a paddle of the area of 
one-fifth part of a square foot with this velocity. 

3. The maximum absolute velocity of a paddle, to give 
the greatest velocity a boat can attain, is 26 feet per 
second. 

4. In a vessel of good model, these velocities may be 
attained, when the relation between the area of the midship 
frame of the vessel, and that of the paddles of both wheels, 
is as two to one. 

6. With other relations between these areas, the veloci- 
ties are those given in the preceding table. 

201. The steam engine, such as has been described in 
Chapter V., requires several modifications to suit it for 
the purpose of propelling boats. When placed in the body 
of the vessel, that form represented in PI. VII., in which 
the great working-beam is suppressed, and two connect- 
ing-rods adapted to the piston by a cross-head, is the best. 
But when two engines placed upon the wheel-guards are 
employed, the beam must be retained. The cold-water 
cistern would load the vessel with an enormous weight, and 
hence the condenser is not immersed in water ; the hot- 
water cistern is, generally speaking, set upon the top of 
the air-pump ; and the delivering-door is a conical valve 
surrounding the air-pump rod. Water for condensation is 
supplied by a pipe, passing through the bottom of the boat 
and rising above the level of the external mass of fluid ; the 
injection-cock is below this level, and the water is forced 
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into the condenser, by virtue of the diflFerence of level. The 
waste hot water passes out by a similar pipe. These pipes 
are called standing pipes, and they are represented on 
PL VII., Bthh and I; hh being the pipe adapted to the 
condenser, which it supplies through the injection-cock i, 
and I being the pipe through which the waste hot water is 
discharged, from the cistern on the top of the w-pump H. 
A hand force-pump K^ is employed to fill the boiler at first, 
and it is afterwards supplied by a force-pump /. 

Another very important modification consists in the size 
of the valves and steam-pipes. It has already been seen, 
that in some cases, when steam acts expansively, the area 
of the nozzle should be increased ; but in steam-boats, the 
great velocity required for the wheels is usually gained, not 
by gearing, but by increasing the velocity of the piston* 
This can only be attained by afibrding a passage for an in- 
creased flow of steam. This method of increasing the 
speed has this advantage, that velocity, and in consequence 
power, is gained without increasing the weight of the en- 
gine. 

202. The application of steam to the propulsion of ves- 
sels, appears to have been among the very first ideas that 
suggested themselves, to the inventors or improvers of the 
engine. Worcester, in the quotation that we have made 
from the " Century of Inventions," speakij of the capacity 
of his invention for rowing. Savary proposed to make the 
water raised by his engine turn a water-wheel within a ves- 
sel, which should carry paddle-wheels acting on the out- 
side ; and Watt, as we are well assured by a personal 
auditor, stated in conversation, that had he not been pre- 
vented by the pressure of other business, he would have 
attempted the invention of the steam-boat. Newcomen 
alone, gave, as far as we can learn, no intimation of any 
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such design ; and this we are rather to take as an e^dence 
of his correct appreciation of the powers of his engine^ 
than as arising from any want of ingenuity. In truth, be- 
fore the time of Watt, no modification under which steam 
was applied to useful purposes, would have been able to 
propel vessels successfully. Even with all his improve- 
ments, the fuel is a great load, and its carriage no small 
difficulty ; but, before he lessened its consumption so ma- 
terially, it would have been hardly possible for a vessel to 
carry enough of combustible matter, except for very short 
voyages. 

Previous in date to all these persons, recent discoveries 
have brought to light an ancient record in which we have 
the description of a vessel propelled by steam, in a manner 
that obtained the suffrages of the witnesses. 

Blasco de Garay, an officer in the service of the Empe- 
ror Charles V., made, at Barcelona, in thp year 1543, an ex.- 
periment on a vessel, which he forced through the water by 
apparatus, of which a large kettle filled with boiling water, 
was a conspicuous part. If this be true, and we have no 
reason to doubt the authenticity of the records, De Garay 
was not only the first inventor of the steam-boat, but the 
first who was successful in applying a steam engine to use- 
ful purposes. He was, however, too far in advance of the 
spirit of his age, to be able to introduce his invention intcT 
practice, and even the recollection of his experiment had 
been lost, until the record was accidentally detected among 
the ancient archives of the province of Catalonia. This 
experiment was, therefore, without any direct practical 
result, neither did it produce any effect in facilitating the 
researches of subsequent inquirers, and may therefore be 
considered rather as a matter of curious antiquarian re- 
search, than as deservedly filling any space in the history 
of the steam-boat* 
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English authors have also raked up from oblivion a pa- 
tent granted in the year ITSG, to a person of the name of 
Jonathan Hulls. He, however, never made even an act- 
ing model of his invention, and the prime-mover itself was 
at the time in a state far too imperfect to have permitted its 
being successfully used, in the manner proposed by Hulls. 
So far then, from classing this among ingenious and profit- 
able improvements, we should rather be inclined to rank it 
among those, which, from their obvious impracticability, 
merit the oblivion into which they instantly fall. 

The paddle wheel, it has been stated, is the only appara- 
tus that, when worked by steam, has been found complete- 
ly successful in propelling vessels. The use of this for 
such a purpose, but set in motion by other prime-movers, 
is of remote antiquity, and was from time to time again 
brought forward, used for a season, and again abandoned. 

Among these attempts, may be mentioned a boat con- 
structed on the Thames by Prince Rupert, whose action 
was witnessed by Papin, by Savary, and probably by Wor- 
cester. So far as regards the antiquity of the method, 
Stuart quotes manuscripts from the library of the King of 
France, from which he states it was ascertained, that during 
one of the Punic wars, a Roman army was transported to 
Sicily, upon vessels moved by wheels worked by oxen. 
The use of a water-wheel, in a manner the reverse of that 
in which it was employed to propel machinery, is almost 
too obvious to be entitled to the character of invention ; it 
was, therefore, only necessary that the necessity for their 
use should exist, and their introduction would have follow- 
ed as a matter of course. 

It was, however, long questionable whether they could 
be used to advantage when attached to a steam engine, and 
in the earlier experiments, the blame appeared to fall upon 
them, rather than upon the imperfections of the engine, or 
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the unskilful, and unartistlike manner in which they, and 
the rest of the apparatus, were adapted to the vessels. 

We have stated that Watt's engine was the first possess- 
ed of suflScient powers to be used to advantage in vessels. 
This is not merely an inference from what can be observed 
in the practice of the present age, but was in 1753, made 
a matter of mathematical proof by Bornouilli, in a memoir 
that gained a prize offered by the French Academy of 
Sciences. He, however, expresses his opinion too broad- 
ly, applying his inference rather to the power of steam it- 
self, than the mode in which it was then commonly 
applied. 

Still there were some, who, not aware of the defects of 
the prime-mover, continued to seek for the means of apply- 
ing it to vessels. Among these may be named Genevois and 
the Comte d'Auxiron. The former, whose attempt dates 
as early as 1759, is chiefly remarkable for the peculiarity 
of his apparatus, which resembled in principle the feet of 
aquatic birds, opening when moving through the water in 
one direction, and closing on its return. The latter made 
an experiment in 1774, but bis boat moved so slowly and 
irregularly, that the parties at whose expense the trial was 
made, at once abandoned all hopes of success. 

In 1776, the elder Perrier, afterwards so celebrated as 
the introducer of the manufacture of steam engines into 
France, made a similar attempt, which was equally unsuc- 
cessful. But not discouraged, and ascribing his failure to 
the use of paddle-wheels, he applied himself for some years 
afterwards to the search for other substitutes for oars. It 
does not appear, however, that he made any valuable dis- 
covery. 

The Marquis de Jouffroy continued the pursuit of the 
same object. His first attempts were made in 1778, at 
Baume les Dames, and in 1781, he built upon the Saone, a 
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steam-vessel 1 50 feet in length and 1 5 in breadth. In 1 783, 
his experiment became the subject of a report made to the 
French Academy of Sciences, by Borda and Perrier. The. 
report is said to have been favourable. We have seen that 
the double-acting engine of Watt was not made public be- 
fore 1781, and that it was not until 1784 that it received 
those improvements, by which it was fitted to keep up a 
continuous and regular rotary motion. No previous engine 
having the necessary properties, we feel warranted in re- 
jecting all attempts prior to the former date, as premature, 
in attempting to perform that to which the means, in the 
possession of the projectors^ were inadequate. 

We are to look to our own country, not only for the first 
successful steam-boat, but for the very earliest researches 
into the subject, after the improvement of the engine by 
Watt, had rendered success attainable. The very nature 
and circumstances of the United States appeared to call for 
means of conveyance, different from those which are em- 
ployed in other countries. Our whole coast is lined by 
bays and rivers, by the aid of which a safe parallel naviga- 
tion, might, at small expense, be extended from one extre- 
mity of the Union to the other, but which, land-locked, and 
protected from the winds, is at some seasons tedious to 
the ordinary methods. Still more recently, the Mississippi 
and its innumerable branches, have become the seat of 
flourishing settlements, separated from the Atlantic coast 
by ridges of barren mountains, and almost inaccessible 
from the Gulf of Mexico, by either sails or oars, in conse- 
quence of the rapidity of the stream. Our population, 
with the wants and curiosity of the highest civilization, » 
still so scattered over a vast region, as to demand rapid 
means of communication, and great foreign hnportations. 
These wants could not have been satisfied, nor this active 
curiosity gratified, by any means yet discovered, except the 
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steam-boat. The earlier projectors appear, however, 
rather to have reference to the prospective state of our 
country than to circumstances which existed at the mo- 
ment of their attempts. Hence we shall find, that they 
soughtjn foreign countries, the encouragement, the wealth 
of their native land was inadequate to afibrd. 

Rumsey and Fitch were cotemporaneous in their re- 
searches. Both attempted to construct steam-boats as 
early as the year 1783, and models of both their contrivan- 
ces were exhibited in 1784, to General Washington. Rum- 
sey's was the first in date of exhibition, but Fitch was first 
enabled to try his plan upon a scale of sufficient magni- 
tude ; for, in 1785, he succeeded in moving a boat upon the 
Delaware, while Rumsey had not a boat in motion upon 
the Potomac before 1786. 

Fitch's apparatus was a system of paddles ; Rumsey at 
iGirst used a pump, which drew in water at the bow, and 
forced it out at the stern of his boat. The latter afterwards 
employed poles, set in motion by cranks on the axis of the 
fly-wheel of his engine, which were intended to be pressed 
against the bottom of the river. About the date of these 
experiments. Fitch sent drawings of his apparatus to Watt 
and Bolton, for the purpose of obtaining an English pa- 
tent ; and in 1789, Rumsey visited England upon the same 
errand. The former was not successful in obtaining 
patronage, but the latter, by the aid of some enterprising 
individuals, procured the means to build a vessel on the 
Thames, which, however, was not set in motion until after 
his death, in 1793. 

Fitch's boat was propelled through the water at the rate 
of four miles per hour. We may now reasonably doubt, 
whether paddles would have answered the purpose 
upon a large scale, for more than one experiment on 
this principle has since been tried, and without success* 



o^ 



283 MILLER. 

The method of Rumsey is more obvionsly defective, and 
we need not wonder that it was followed by no valuable 
results. 

Next in order of time to Fitch and Rumsey, we find Mil- 
ler, of Dalswinton in Scotland. This ingenious gentleman 
had, as early as 1787, turned his attention to substitutes 
for the common oar, and had planned a triple vessel pro- 
pelled by wheels. Finding that wheels could not be made 
to revolve with sufficient rapidity, by men working upon a 
crank, the idea of applying a steam engine was su^ested 
by one of his friends, and an engineer of the name of Sym- 
ington, employed by him to put the idea into practice. The 
vessel was double, being an experimental pleasure boat on 
the lake in his grounds at Dalswinton. The trial was so 
satisfactory, that Miller was induced to build a vessel sixty 
feet in length. This was also double, and it is asserted 
that it was moved by its engine along the FoHh and Clyde 
Canal at the rate of seven miles per hour. The boat, the 
wheels, and the engine, were, however, so badly propor- 
tioned to each other, that the paddles were continually 
breaking, and the vessel suffered so much by the strain of 
the machinery as to be in danger of sinking, and Miller 
found it unsafe to venture into any navigation of greater 
depth than the Canal. The apparatus was, therefore, re- 
moved and laid up, and here the experiments of Miller 
ceased. He himself appears evidently to have considered 
this experiment an absolute failure, and ascribed the blame 
to the engineer. We have to remark, that the double boat 
used by Miller, was a form ill suited to the purpose ; in 
the ferry boats of that structure, introduced by Fulton into 

this country, the resistance growing out of the dead water 

* 

included between the two hulls, has been found such, that 
they have been gradually abandoned, and single vessels 
substituted. • 
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John Stevens, of Hoboken, commenced his experiments 
on steam navigation in 1791. Possessed' of a patrimonial 
fortune, and well versed in science, he was at the time, 
wanting in the practical mechanical skill that was necessary 
to success ; he was hence compelled, at first, to employ men 
of far less talent than himself, but who had been educated 
as practical machinists. His first engineer turned out an 
incorrigible sot ; his second became consumptive, and died 
before the experiment was completed. Stevens then re- 
solved to depend upon his own resources, and built a work- 
shop on his own estate, where he employed workmen under 
his own superintendence. In this shop he brought up his 
son, Robert L. Stevens, as a practical engineer, to whom 
many important improvements in steam navigation, and the 
most perfect boats that have hitherto been constructed, are 
due. 

During these experiments, Stevens invented the first 
tubular boiler ; and his first attempts were made with a 
rotary engine, for which, however, he speedily substituted 
one of Watt's. With various forms of vessels, and different 
modifications of propelling apparatus, he impelled boats at 
the rate of five or six miles per hour. They were in truth 
more perfect than any of his predecessors', but did not 
satisfy his own high raised hopes and sanguine expecta- 
tions. These experiments were conducted at intervals up 
to the year 1807, and much diminished his fortune. We 
must, however, pass from the detail of them, and the no- 
tice of the parties who became concerned with him, in order 
to speak of what was doing in Europe in the meantime. 

TheEarlof Stanhope, in 1793, revived the projec;of 
Oenevob, for an apparatus similar to the feet of a duck. 
It was placed, in 1795, in a boat furnished with a powerful 
engine. He was, however, unable to obtain a velocity 
greater than three miles per hour. While engaged in these 
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experiraentSy he received a letter from Fulton, who pro- 
posed the use of paddle-wheels ; and it is probable that his 
neglect to listen to this suggestion caused a delay in the 
introduction of the steam-boat of at least twelve years ; for 
we cannot doubt that the ingenuity of Fulton, backed by 
the capital and influence of Lord Stanhope, would have 
been as successful then, as it was on a subsequent occa- 
sion. 

In the year 1797, Chancellor Livingston, of the state of 
New-York, built a steam-boat on the Hudson River. He 
was associated in this enterprize with a person of the name 
of Nisbett, a native of England. Brunei, since distinguish- 
ed for the block machinery, and as engineer of the London 
Tunnel, acted as their engineer; In the full confidence of 
success, Livingston applied to the legislature of the state of 
New-York, for an exclusive privilege, which was granted, 
on condition that he should, within a year, produce a vessel 
impelled by steam, at the rate of three miles per hour; 
This they were unable to effect, and the project was drop- 
ped for the moment. 

In the year 1800, Livingston and Stevens united their 
efforts, and were aided by Mr. Nicholas Roosevelt. Their 
apparatus was a system of paddles resembling a horizontal 
chain pump, and set in motion by an engine of Watt's con- 
struction. We now know that such a plan, if inferior to 
the paddle-wheel, might answer the purpose ; it, however, 
fuled, in consequence of the weakness of the vessel, which, 
changing its figure, dislocated the parts of the engine. 
One of the workmen in their employ suggested the use of 
the paddle-wheel in preference, but, as Stevens candidly 
states, their minds were not prepared to expect success 
from so nmple a method. 

Their jobit proceedings were interrupted by the appoint- 
ment of Chancellor Livingston to represent the American 
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government in France, but neither he nor Stevens were 
yet discouraged ; the latter continued to pursue his experi- 
ments at Hoboken, while the former carried to Europe 
high raised expectations of success. 

It has been stated that Symington was employed by Mil- 
ler, of Dalswinton, as his engineer ; we have now to record 
an attempt made by him under the patronage of Lord 
Dundas of Kerse. Miller's views appear to have been di- 
rected to the navigation of estuaries, and rivers, if not to 
that of the sea itself. Symington, on the present occasioQ, 
limited himself to the drawing of boats upon a canal. The 
experiment was made upon the Forth and Clyde canal, but 
the boats were drawn at the rate of no more than three 
and a half miles per hour, which did not answer the ex- 
pectations of his patron, and the attempt was abandoned. 
During this attempt, Symington asserts that he was visited 
by Fulton, who stated to him the great value such an inven- 
tion would have in America, and by his account, took full 
and ample notes. In the attempt he thus makes to clum 
for himself the merit of Fulton's subsequent success, fie is 
defeated by the clear and conclusive evidence, that Fulton 
exhibited in a court of law, of his having submitted a plan 
analogous to that he afterwards carried into effect, to Lord 
Stanhope, in 1795, six years prior to the experiment of 
Symington. That Fulton, whose thoughts had continued 
to dwell upon steam navigation, and who saw with pro- 
phetic eye, the vast space for its developement afforded by 
the Mississippi and its branches, should have visited all 
places where steam-boats were to be seen, was natural ; 
but a comparison of the draught of Symington's boat, which 
is still extant, with the boats constructed by Fulton, fur- 
nishes conclusive evidence, that the latter borrowed no 
valuable ideas from the former. 

In the same year, 1801, Evans made, at Philadelphia, an 
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experiment of a most remarkable character. Being em- 
ployed by the Corporation of that city to construct a 
dredging machine, he built both the vessel and the engme 
at his works, a mile and a half from the water. The whole, 
weighing 42,000 lbs., was mounted upon wheels, to 
which motion was given by the engine, and thus con- 
veyed to the river. A wheel was then fixed to the stem 
of the vessel, and being again set in motion by the engine, 
she was conveyed to her destined position. Evans, how- 
ever, appears long to have abandoned the hopes of exciting 
his countrymen to enter into his projects of locomotion, 
and content with his steady business as a null-wright, and 
the proof he had thus given of the soundness of his ancient 
projects, pursued the matter no farther. 

We have thus completed the review of those attempts at 
navigation by steam which were abortive, either from abso- 
lute deficiency, or from their not fulfilling the expectations 
of the parties interested. It is now our more gratifying 
task to record instances of complete success. Livingston, 
who, as we have stated, carried with him to France, a san- 
guine belief that steam navigation was practicable, met 
Fulton at Paris. They were immediately drawn to each 
other by similarity of views, and the latter undertook to 
make those investigations which the avocations of the oth- 
er prevented him from doing. It occurred to Fulton that 
the first step towards success was to investigate fully the 
capabilities of different apparatus for propulsion. These 
preliminary experiments were made at Plombieres, and led 
to the conviction, that of all methods hitherto proposed, 
the paddle-wheel possessed the greatest advantages. He 
next planned a mode of attaching wheels to the engine of 
Watt, ingenious in itself, but complicated, and which he 
afterwards simplified extremely. 

Up to this time, the relation of the force of the engine 
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to the velocity of the wheels, and the resistance of the 
water to the motion of the vessel, had never been made a 
matter of preliminary calculation. Aware, however, that 
upon a proper combination of these elements, all positive 
hopes of success must depend, he had recourse to the re- 
corded experiments of the Society of Arts, and limiting his 
proposed speed to four miles per hour, planned his ma- 
chinery and boat in conformity. The experimental vessel 
was then constructed at Paris, and being launched upon 
the Seine, performed its task in exact conformity to his an- 
ticipations. It was then, as afterwards, remarkable, that 
by a sound view of theoretic principles, the single boats of 
Fulton always possessed the speed which he predicted at 
the moment of planning them. This was not the case 
when he attempted double vessels, in consequence of his 
leaving out of view that important resistance which was 
mentioned in speaking of Miller's vessel. 

This preliminary experiment was performed in 1803. 
While Fulton was engaged in preparing for it, a person of 
the name of Des Blancs, who was possessed of a patent for 
apparatus for steam navigation, endeavoured to interrupt it 
as an infringement on his rights. Fulton, however, com- 
municated to him his preliminary experiments, in which he 
bad found paddle-wheels superior to the chain of floats 
proposed by Des Blancs, and the opposition ceased. The 
trial on the Seine having proved successful, it was resolved 
to take immediate measures to have a boat of large size 
constructed in the United States, but as at that time the 
work-shops in America were incapable of furnishing a 
steam engine, it became necessary to order one from Watt 
and Bolton. This was done, and Fulton proceeded ta 
England to superintend its construction. In the mean- 
time, Livingston was suflSciently fortunate to obtain a re* 
uewal of the exclusive grant from the state of New-York., 
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We here remark an anachronism in the work of Stuart 
Symington's own narrative as given by that author seems 
to place the interview with Fulton in 1801. Stuart in a 
subsequent place refers it to the date of this visit of Ful- 
ton's to England. We have previously stated it as happen- 
ing at the former date upon Symington's authority, as 
this is alone consistent with the expression of astonishment 
that he records. For this could hardly have been uttered 
subsequent to the trial made upon the Seine. Each of the 
dates however, causes a dilemma. If he saw Symington's 
boat in 1801, he returned to France with his previous im-r 
pressions in favour of paddle wheels, very much weakened : 
if not until 1804, he had already performed more thai^ 
Symington. 

In like manner the claim of Henry Bell, so pertina- 
ciously maintained by British authors, falls to the ground. 
Bell claims the merit of having furnished Fulton with the 
plan of his successful steam-boat on the ground of his 
having furnished plans and drawings, which he heard two 
years afterwards from Fulton, were likely to answer this 
end. On receiving this letter, he states that <^he was led 
to consider the folly of sending his opinions on these 
matters to other countries and not putting them into prac- 
tice in his own." Now as Bell did not, build his first boat 
until 1812, we cannot place the date of Fulton's second 
letter, earlier than his return to America, in 1806, and that 
it was written from America, Bell's expressions render 
evident. Fulton therefore could have derived no be^^fit 
from his advice, for his experiment in France was in 1603, 
and the engine of Watt and Bolton, which was first used 
on the Hudson, must have been ordered at least a year 
before the alleged date of Bell's communications. Neither 
can we reconcile his claims with the statement made by his 
frieuds;! tl^at he w^ several ye^rs in bringing his plans tp 
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perfection, and his boat was after all very inferior to those 
constructed by Fulton several years earlier. The anxiety 
of the British public to transfer the honours of Fulton to 
Bell, is manifest from a report of a Committee of Parlia- 
ment, where it is stated that Bell came to this country to 
construct boats for Fulton, while it is now admitted that he 
never was on this side of the Atlantic. We apprehend, 
however, that the correspondence with Bell took place on 
a diflferent occasion. When Fulton planned his ferry 
boats for the East River (New-York), he proposed to make 
them double, he therefore naturally desired to know some- 
thing of Miller's vessel which he had never seen, and by 
Bell's own statement, the request of Fulton for information 
was limited to that single object. Bell asserts that he 
famished, in addition, views and plans of his own, but long 
before this time Fulton's boats were in successful opera- 
tion, and many competitors had already appeared, not only 
in those places where no exclusive grant existed, but even 
within the waters of the state of New- York. 

The engine ordered from Watt and Bolton reached 
New-York towards* the close of the year 1806, and the 
vessel built to receive it . was set in motion in the summer 
of 1807. The success that attended it i^ well known. 

In the mean time Livingston's forijaer associate, the 
elder Stevens, had persevered in his attempts to construct 
steam-boats. In his enterprize he nojv received the aid of 
lus son, and his prospects of success had become so flat- 
tering, that he refused to renew his partnership with 
Livingston, and resolved to trust to his own exertions. 
Fulton's boat, however, was first ready, and secured the 
grant of the exclusive privilege of the State of New-York. 
The Stevens', were but a few days later in moving a 
boat with the required velocity, and as their experiments 
were conducted separately, have an equal right to the 

37 
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honours of invention with Fulton. Being shut out of fte 
waters of the State of New-York by the monopoly of 
Livingston and Fulton, Stevens conceived the bold design 
of conveying his boat to the Delaware by sea, and tldslKMit, 
which was so near reaping the honour of first success, was 
the first to navigate the ocean by the power of steam. 

From that time until the death of Fulton, the steam-boats 
of the Atlantic coast were gradually improved antU their 
speed amounted to eight or nine miles per hour, a velocity 
that Fulton conceived to be the greatest that could be given 
to a steam-boat. To this inference he was probably led by 
the observation of the increased resistance growing out of 
the wave raised in their front. His three earlier boats, 
the Clermont, the Car of Neptune, and the Paragon were 
flat bottomed, their bows forming acute curved wedges, 
the several horizontal sections of which were similar. His 
last boats had keels, but they were introduced for no other 
purpose than to increase their strength. In the boats con- 
structed by his successors, after his death, a nearer approach 
was made to the usual figure of a ship, but the waves still 
formed an important obstacle. In the mean time the 
younger Stevens was steadily engaged in improving steam 
navigation, each successive boat constructed under his 
direction possessing better properties than the former^ 
The view he took of the subject was different from that 
of Fulton, believing that the great size of the wave was 
owing to defective form, he instituted experiments, both on 
alarge and small scale, to determine the figure in which this 
obstacle is of least magnitude. On the setting aside of the 
exclusive grant of the State of New- York to Liidngston 
and Fulton, he prepared a boat for navigation of the 
Hudson, which performed its voyages at the rate of 
13 and a half English miles per hour. In the various 
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attempts which spirited competition has brought forward, 
this/relocity has not yet been exceeded. 

^am-boats were not introduced into Great Britain 
linlitI812, five years later than the successful voyage of 
Fulton. Bell, whose name has already been mentioned, 
built the first upon the river Clyde at Glasgow. In March, 
1816, the first steam-boat crossed the British Channel from 
Brighton to Havre. Since that period their use has been 
much extended, and their structure improved, but no 
European steam-boat, has as far as we can learn attained a 
speed of more than 9 miles per hour. 

In 1816, steam-boats, previously constructed by Fulton 
for the purpose, commenced to run as packets between 
New-York and Providence Rhode-Island, a part of which 
passage is performed in the open sea. One of these 
vessels had been intended to make a voyage to Russia, 
but the greatness of the expense deterred the proprietors 
from undertaking it. This voyage was performed in 1817, 
by the Savannah, and in 1818, a steam-ship plied from New- 
York to New-Orleans as a packet, touching at Charleston 
and the Havana. 

In 1815 also, a steam-boat made a passage from Glas- 
gow to London, under the direction of Mr. George Dpdd, 
but it was not until 1820 that steam-packets were esta- 
blished, betweenHolyhead and Dublin. In 1825, a passage 
was made, by the steam -ship Enterprize, from London to 
Calcutta. All doubts, therefore, in respect to the practica- 
bility of navigating the ocean by steam may be considered 
as settled. In point of economy, however, it can never 
compete with sails^ and hence probably can only be used 
to advantage for conveying passengers, or for purposes of 
war. 

In the steam-boats of the Ohio and Mississippi, high 
pressure en^es are now in the most general use. The 
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have approached this same speed so nearly, that the differ- 
ence of passage has not been many minutes in the distance 
of nearly 150 miles. In a passage recently made by the 
author, on the Hudson, the wheels of the New-Philadelphia 
averaged 25| revolutions per minute, and the piston moved 
with a velocity of 405 feet per second, being 21 feet more 
than has been 'stated on a former page as the velocity of 
those of the North-America. In this increase of speed 
and consequent expenditure of fuel, no very important ad- 
vantage seems to have been gained, except the distancing 
of competitors, the relative velocity of the wheels being 
&r more increased than that of the boat. 

203. Steam is also employed to move carriages upon the 
land. For this purpose, the wheels of the carriage are set 
in motion by the engine, in the same manner that the pad- 
dle-wheels of a steam-boat are caused to turn ; the friction 
^hich they experience upon their track causes th^m to 
move forward, unless they meet a resistance to their pro- 
gressive motion equal to this friction. The experiments of 
Croulomb and Yince show, that, under the circumstances in 
which wheels act, the friction of their circumference will 
depend upon the weight with which they are loaded, and 
the nature of the rubbing surface, but not in the least upon 
the velocity. The tire of wheels is made of iron, and 
steam-carriages usually run upon tracks, also of iron, form- 
ing what is styled a rail road. Rail roads are parallel bars 
of iron, laid either level, or with a gentle and uniform 
slope, and steam has, as yet, only been usefully applied to 
locomotion, upon roads of this character. The reasons 
why they should be superior in this respect to a common 
road are obvious. The resistance is not only regular and 
uniform, but equal upon every wheel, while on a common 
road| there is a constant variation in slope, and in the na- 
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tare of the surface, and besides, obstacles are frequently 
met that affect but one of the wheels, and thus tend to turn 
the carriage to one side. In spite of these difficulties, some i 
tolerably successful experiments have been performed with 
steam-carriages upon common roads. 

The case, however, that is most usual, is motion upon 
rail roads. Here the friction is that of iron against iron. 
We cannot anticipate that the wheels will be prevent- 
ed from sliding upon a rail road by the maximum fric- 
tion that takes place between two pieces of iron in experi- 
ments ; dust, moisture, and other circumstances, interfere 
to lessen the adhesion. It cannot, therefore, be safely ta- 
ken at more than -^^ the part of the weight. If there be a 
force applied, sufficient to cause the wheels of a carriage 
to turn around, it will continue to go forward until the 
resistance become equal to ^^jth the weight of the carriage. 
The carriage is, therefore, under the same circumstanceSi 
as if it were drawn forward by a cord, capable of bearing 
a strain of j^^h part of its weight. 

The resistances to the progressive motion, are the friction 
upon the axles of the wheels, and the disturbances growing 
out of lateral shocks. The friction of steel axles upon brass 
boxes, well coated with oil, is ^^^^ ^^^ P^^ ^^ ^h® weight, 
and the force applied to overcome it, has its intensity in- 
creased, in the ratio of the radius of the crank to the ra- 
dius of the axle. As the radius of the crank of a given 
power cannot be increased, without diminishing the area of 
the piston, or its own velocity, there is no gain by simply 
varying the proportions of its engine. On the other hand, as 
with an equal number of revolutions, points will move faster 
on the circumference of a larger wheel, than they will on 
a smaller one, and the progressive motion will depend on 
the velocity of the circumference, there is a constant and 
regular gain in velocity, by increasing the diameter of the 
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wheels. This, however, has its limit in practice, for by 
increasing the diameter of the wheels, the centre of gravity 
is raised, and the machine becomes unstable. 

It might, at first sight, appear that, as the friction winch 
causes the carriage to go forward increases with its weighty 
heavy carriages and engines were the best for locomotion, 
but the resistances increase also with the weight, and thus 
all weights not absolutely essential to the structure of the 
engine are disadvantageous. Hence, for locomotion, no 
other engine but that of high pressure can be admitted, for 
condensing engines of equal power, are not only heavier in 
themselves, but require a quantity of cold water for con- 
densation, that would, of itself furnish a load for the en- 
gine. So also the boiler, and the load of water should be 
the smallest, that is consistent with the generation of the 
necessary quantity of steam. 

The workmanship of the carriages used on rail-ways, has 
been regularly improving for several years past, and is pro- 
bably still far from perfection ; we, therefore, cannot state 
any proportion between the weight that can be drawn upon 
a rail road, by a locomotive steam engine, and the weight 
of itself and the carriage that bears it, that would be cer- 
tainly true a few months hence. The latest calculations 
seem to admit, that a locomotive carriage will drag after it, 
in carriages furnished with wheels equal in diameter to its 
own, at least seven times its own weight. Neither do we 
venture to give any proportion between the actual resis- 
tance and tl)e weight, by which the propelling power may 
be calculated. At the present moment, too, friction-sav- 
ing apparatus is eagerly sought for, and made the subject 
of experiment, by which the friction still remaining, after 
the materials and workmanship have reached the greatest 
perfection practicable, may probably be reduced many foId« 
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Some few principles useful in practice may, bowereri be 

stated. 

Friction opposes a resistance which has a constant mea- 
sure at all velocities, but the measure of the power reqiur- 
ed to overcome it, will depend both on the resistance and 
the velocity. Hence the powers of en^nes, by which dif- 
ferent velocities are obtained in the same carriage, are pro- 
portioned to the velocities. But as the time for passing 
over a given space is inversely as the velocity with which 
the distance is performed, a given distance will be perform- 
ed at any velocity whatever, with a constant expenditure of 
fuel. 

If the same locomotive engine have its velocity increased 
by lessening the load it drags, or diminishing the friction, 
by both of which methods a limited change in velocity may 
be attained, the expenditure of steam will then be inversely 
as the velocities. 

It is, therefore, obvious, that when speed is the sole object 
in view, locomotion on land soon becomes more advanta- 
geous than steam navigation, for the power in the latter 
case increases as the cubes of the velocities ; and the 
expenditures of fuel as the square. On the other hand, 
friction on rail roads has not yet been so much dimimshed 
as to enable them to compete, either with steam or canal 
navigation, in the conveyance of heavy loads, at small 
velocities. The friends of rail roads, however, anticipate 
that they will soon be enabled to lessen the friction so 
much as to place them, in all respects, on, a par with 
either of the other species of transportation. There is 
in truth, friction-saving machinery, such for instance as 
the apparatus of Atwood, and the patent block of Gamett, 
which act so well as to give fair ground to such anticipa- 
tions ; whether the same beneficial result can be obtained 
in the wheels of carriages, remains to be shewn by experi- 
ment. 
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804. Erans, as has been already mentioned, was the> 
first who entertained rational hopes of being able to move 
carriages by steam, for we must reject the views of Robi- 
son and Watt as wholly impracticable ; and indeed the 
impossibility of using the condensing engine was ascertained 
and admitted by Watt. Evans not only was the first to 
entertain correct views, but was also the first to submit 
them to practice, in the removal of his dredging machine, 
vhich has been before referred to in the present chapter. 

In 1802, Trevithick and Vivian took out a patent for the 
application of their engine to propel carriages upon rail- 
roads. In 1804, they published a description of a carriage 
intended for common roads, but it was not until 1806, that 
an actual experiment was made. This was performed 
upon the Merthyr Tydvil Rail-Road, in Wales. The 
performance of the lapparatus was, however, far less than 
might have been anticipated from its power, and this was 
ascribed to a want of sufficient adhesion of the wheels to 
the rails. We recollect having heard this failure ascribed 
to the circumstance that but one of the wheels was set in 
motion by the engine ; but all the authorities that we 
have consulted seem to agree, that all the four wheels 
were made to revolve. 

, The fiBulure, which, had the first statement been true, 
is at once to be accounted for, becomes difficult to explain 
if these authorities state the real circumstances. 

A difficulty, however, in the use did occur, and being 
ascribed to the cause that has been mentioned, a person 
of the name of Blenkinsop undertook to obviate it. For 
this purpose he laid a rack, or rail cut into teeth, between 
the other two rails, along the whole extent of road ; into 
ihb a pinion, set in motion by the engine, caught This 
method was found effectual at slow velocities, and was used 
from the year 1801, in which it was invented, nearly up to 

38 
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the present time, at Middleton Colliery, near Leeds in Eng- 
land. It will not admit of great velocities, but is applicable 
to the rising of ascents far more steep than can be over- 
come by the mere adhesion of the wheels to the road. 

In 1812, Messrs. W. & E. Chapman obtained a patent 
in England for a locomotive en^ne, the power of which 
was applied by means of a chain fixed at the two ends, 
and passing over an axle upon the carriage that was caused 
to revolve by the engine. 

In 1813, Mr. Brunton, of Batterly Iron Works, proposed 
a plan for locomotion by steam, in which he employed a 
system of levers, resembling, in their action, the bones of 
the human leg. 

In 1816, Dodd and Stephenson, of Killingworih, in 
England, returned to the original principle of adhesion, 
and were completely successful, shewing that on rail-roads,, 
absolutely or nearly level, the friction was sufficient to 
produce progressive motion, in all cases except when the 
rails were covered with snow. Their engine had six 
wheels, two of which were moved by the engine, and the 
others connected with them by an endless chain passing 
over drums. No advantage, however, is guned by the use 
of more than four wheels, and any additional number has 
since been laid aside. 

Locomotive engines have received since that time, con* 
tinual improvements. Two cylinders have been used eack 
acting upon a pair of wheels. The next step was to use 
two cylinders acting at right angles to each other upon the 
same pair of wheels, and to move the others by connecting 
rods. Such is the very beautiful mechanism delinei^ed on 
PL IX. which was made under the direction of Mr. Hora^ 
tio Allen for the Delaware and Hudson Rail-Road Co. at 
Stourbridge, in England. 
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In diese Bereral improremetits, the weight of the eng^e 
and its parts were gradually increased to an excessive 
anunint. The centre of gravity was also raised so high as 
to render the carriages unstable. In cooBequence of this, 
a search has more recently taken place for engines and 
carriages of small weight. This has been successful in a 
remarkable degree, in locomotive engines exhibited upon 
the Manchester and Liverpool Rail-Roads. The details of 
th«fle experiments are to be found, in the Mechanics' 
Magazine for November and December, 1829, and in the 
Quarterly Review for March, 1830, to which we refer our 
readers. A draught of the most remarkable of these 
engines^ " the Novelty," is subjoined. 




A locomotive engine, that promises to perform as well 
as the Novelty, with a boiler of novel construction for 
burning anthracite coal, bas been recently exhibited ia 
New-York. It is the invention of Col. Miller of Charles- 
ton S. C.j and is intended for the great rail-road now con- 
structing in that State. 

205. In concluding this work a few reflections on the 
importance of the subject may not be irrelevant. The 
steam engine has been described in its most usual and most 
perfect forms ; in the historical sketch it has been traced 
&om the earliest notices of the knowledge of the mechani- 
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cal power of itetm, down to the present unporlmt spaee 
that it has oecu[ried Feeble and imperfect in its first 
beginnings, and limited for nearly a century after its intro- 
duction to a single, and by no means important object, it 
became in the hands of Watt an instrument of unirersal 
application. It is now equally subservient to those purpo- 
ses which require the greatest delicacy of manipolation, 
and those which demand the most intense exertions of 
power. Its introduction and gradual improvement hare 
required inventive talents of the highest order, and the 
exertions of genius the most sublime ; in its uses we see 
developed and realized, not only the brilliant conceptions 
of poetry, but the wildest fables of romance ; it has 
already changed the state of the world, and altered the 
relations of civilized society ; and in its farther progress it 
seems to promise to perform even more important 8erviees» 
and to fulfil yet higher destinies. 
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ON THE TENSION OP AQUEOUS VAPOUR, 

BT MESSRS. ARAGO & DULONG. 

In order that the French Academy of Sciences might reply 
to the questions made by the government, it became necessary 
to determine the elastic force of vapour at the highest tempera- 
tures. A labour of an entirely new description was to be un- 
dertaken, not only of the greatest value to science, but to man- 
ufacturing industry. This labour demanded a skill in manipula- 
tion rare even among the most skilful professors of physical 
science, as well as the most profound knowledge of the subject* 
In addition, it exposed the experimenters to dangers, against 
which there was no security that was absolutely certain. It 
has been performed by Messrs. Dulong and Arago, and its pub- 
lication will form an important era in science* 

Extracts from the Minutes of the Academy of ScieTtces^for 

Monday^ 2XSth November^ 1829. 

M. Dulong, on behalf of a committee composed of Messrs. 
Arago, Prony, Ampere, Girard, and himself, made a report en- 
titled, ^^ Account of experiments made by order of the Academy 
of Sciences^ to determine the elastic force of aqueous vapour at 
high temperatures" 

The law which fixes the precautionary measures, to which 
the construction of steam engines is to be subjected, prescribes, 
among others, the use of valves of metals fusible at tempered 
tures thoit exceed by from 10^ to 20^ (Centigrade) the temper Or 
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tures that correspond to the elasticity of As vapour emphyedin 
the habitual work of the machine. 

The execution of this condition reqidresi as may be eaaOy 
seen, that the temperature, corresponding to a given elasticityi 
should be known. This was a desideratum in science, and 
the committee of which M. Dulong is the organ, was charged 
with the duty of supplying this want. M. Dulong was espe- 
ciaUy entrusted with the construction of the apparatus, and with 
the direction of the experiments. M. Arago also co-operated 
in the labours of his colleague ; and made in conjunction with 
him a great number of experiments. 

The committee, desirous of giving its labours all the perfection 
adapted to, and demanded by the present state of science, and be- 
sides presuming that it would be long before another opportunity 
would occur of beginning and completing observations of the 
game description, rejected, as inexact, the process whichconsists 
in estimating the elastic force of vapour by means of a safety 
valve loaded with a weight, and resolved, in spite of the difficulty 
attending such an undertaking, to have recourse to the direct 
measure of the column of Mercury, which would be kept in equi- 
librio by the elasticity of the vapour. 

When this elasticity does not exceed a small number of atmos- 
pheres, the direct measure of this column does not present any 
difficulty ; but, as in this case, the value of pressures of from 20 
to 80 atmospheres were to be ascertained, it became necessary to 
inclose a column of mercury, of 70 or 80 feet in height, in a tube. 
This tube must be of glass, in order that the height of the mercu- 
ry might be readily observed in all positions. It may be easily 
seen with what difficulties the execution of such a project must 
be attended. 

However, all these difficulties were surmounted, and the appa- 
ratus erected, in the ancient square tour known by the name of 
Tour de Clevis^ the only remains of the ancient church of St 
Genevieve. 

The apparatus might have been reduced to but two essential 
parts : a boiler, intended to furnish the steam, and a glass tube 
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^^mployed to support the mercurial column ; but it was to be 
feared that too rapid an augmentation of the tension of the va- 
pour, followed by the opening of the safety valve, might give rise 
to an action like that which takes place in the hydraulic ram ; this 
would have endangered the more brittle parts, and given rise, in 
consequence, to the loss of a great quantity of mercury. Pru- 
dence required that this accident should be guarded against. 

In order to obviate it, it was resolved not to place the column 
of mercury in contact with the steam ; but to make use of an in- 
termediate instrument, a species of guage, which should give 
with exactitude the same indications as the column of mereuryi 
without being liable to the same inconveniences. 

The operations relating to the measure of the tension of the 
steam, were, in consequence, preceded by a preliminary operas 
lion, which consisted in ascertaining exactly the degree of elas- 
ticity that a known mass of air would assume, when its volume 
was diminished in a given proportion. A known mass of air was 
in consequence subjected to pressures increasing gradually from 
one to twenty atmospheres. The volume corresponding to each 
of these pressures was carefully noted, and henceforth this mass 
of air might be substituted for the troublesome column of mer- 
cury, and the different volumes the air assumed, would furnish, 
with the greatest accuracy, measures of known weight. 

This preliminary operation, which, in consequence of local 
circumstances, became at length of absolute necessity, also fur- 
nished the means of exactly verifying one of the most useful 
laws in Natural Philosophy, namely, that which is known by 
the name of Mariotte. 

This law, which had been verified within certain limits, was 
far from being established in a satisfactory manner at high pres- 
sures. The late observations of Dulong and Arago, no longer 
leave any doubt in this respect. A table drawn up by these com- 
missioners themselves, gives the results of thirty-nine experi- 
ments, made on the same air, submitted to pressures varying 
between one and twenty-seven atmospheres, within which the 
aw of Mariotte is never at fault an appreciable quantity. 
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The Committee of the Academy natmrally dedred to subject to 
obseiratioiiy hj means of the apparatus, two or three other spe- 
cies of elastic fluids, and ascertain whether they also followed 
the law of Mario tte; but it was considered proper first to com- 
plete the researches demanded by the government ; and when 
these researches were terminated, it was impossible to obtain 
from the administration of buildings, the use of the place where 
their apparatus was set up. This circumstance, says M. Dulong, 
is so much the more vexatious, inasmuch as we might have com- 
pleted the illustration of this important point of the Mechanics of 
gases, without any additional expense, and in a very short space 
of time; which it would now require a considerable expense and 
several months of labour, to take up this subject a second time 
at the point where we left it. 

The Committee obtained, as we have seen, a guage by aid of 
which they could ascertain the tension of vapour, with an exact- 
ness equal to that which is attainable by direct experiments with 
a column of Mercury. It was sufficient to make a boiler commu- 
nicate with the reservoir of this guage, in order to complete the 
resolution of the problem. In following this course they ob- 
tained the great advantage of avoiding the inconveniences that 
have already been pointed out, and which consist in the oscilla- 
tions of the mercurial column. 

The apparatus was disposed in such a manner that a steam 
boiler could be substituted for the forcing pump, without derang- 
ing any other part. But fearing the effects of an expolsion in a 
ruinous tower, and particularly in consequence of its vicinity to 
the College of Henry lY., the Committee resolved to transfer, 
with every precaution, the apparatus completely set up, to the 
eourts of the Observatory. 

The exact measure of elevated temperatures of steam, de- 
mands precautions, the neglect of which has led some observers 
into considerable errors. 

The first precaution consists in keeping an account of the cool- 
ing produced by the atmospheric air, in the part of the boiler 
which is placed outside of the brick work. This can only be 
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determined with accuracy, by keeping the whole of them at a 
constant temperature, and this was carefully attended to. 

The second consists in not exposing the thermometer that 
flerres to measure the temperature, to the direct pressure of the 
vapour, particularly when this pressure is great. For even if a 
thermometer could be found capable of bearing the pressure 
without breaking, it would sustain a pressure that would tend to 
raise the column of mercury, independently of the temperature, 
and would thus produce a cause of error, of which it would be 
difficult to keep an account. In order to obviate this difficulty, 
which has not been previously perceived by any experimenter, it 
was contrived that the thermometers should be placed in tubes 
closed at one end, and filled with mercury. These tubes were 
chosen very thin, in order to oppose as little delay as possible to 
the transmission of heat, and they were filled with mercury. 
One of these thermometers was plunged to the bottom of the 
boiler, and gave the temperature of the liquid water ; the other, 
of less length, reached only to within a few inches of the surface 
of the water, and gave the temperature of the vapour. 

Our information, in respect to the elastic force of vapour, was, 
«0 we have stated, almost nothing at the epoch when the commis- 
sion commenced its labours. At a tension beyond eight atmos- 
pheres, we only possess a single number, communicated to Mr. 
Clement by Mr. Perkins ; but this number (SIB**) has been found 
wholly erroneous. The force of the vapour was given at 35 
atmospheres, while, in truth, it is no more than 20. (Vapour, 
in order to balance 35 atmospheres, should have a temperature 

of245^)* 

Germany was' farther advanced than England. M. Arzberges, 
Professor in the Polytechnic Institution of Vienna, had made 
experiments upon the temperature of vapour, which he had ex- 
tended as far as twenty atmospheres. He had employed, in 
order to determine the elasticity of the vapour, safety valves 

* It appears that the French Committee were unacquainted with tk« 
experiments of Taylor, which extend to 16 atmospheres. 

39 
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with lerers, a method defectiye in itself, hut of which he had 
corrected the errors by very ingenious precautions. (The 
most remarkable of these, consisted in employing a spherical 
ralye of steel, resting on the circumference of an aperture made 
in a piece of the same substance.) 

The numbers which he obtained are not, howerer, exact, and 
the defect arises out of his having neglected, in raising the tem- 
perature, the two indispensable precautions that have already 
been pointed out, that of withdrawing the thermometer placed 
within the boiler from the direct pressure of the steam, and 
that of taking into account the cooling produced by a part of 
the stem of the thermometer, being exposed to the air. 

The errors which arise from these two omissions, affect, it is 
true, the results in opposite ways ; but their effects do not com- 
pletely counteract each other at high temperatures. The second 
e>ceeds the first, and would cause the temperatures to be esti- 
mated above what they really were. Thus M. Arzberges found 
that the pressure of 20 atmospheres corresponded to a tempe- 
rature of 222* Cent, while it is in truth attained at a tempera- 
lure of 215* Cent. 

The law which would express the elastic force of the vapour 
in terms of the temperature, is not known, and does not ex- 
hibit itself more clearly in the new observations of our academi- 
cians, than it did in those they already possessed, in the lower 
part of the thermometric scale. In the mean time, a formula 
of interpolation has been sought, arising from experiment alone, 
and fitted to make known the elastic force at any point of the 
thermometric scale. 

A great number of formulae fitted to attain this object, had 
been proposed to the Committee by different authors. No one 
of these formula has borne the proof when applied to high tem- 
peratures. A single remarkable exception must be made. M. 
Roche, Professor at Strasbourg, setting out, not from experi- 
ment, but from theoretic viewa of his own, had arrived at re- 
BulU which are conformable, in a remarkable degree, with those 
obtained at the Observatory. 
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The opinions of M. Roche, are, if we mistake not, submitted 
to the judgment of the Academy of Sciences, which is about to 
report upon them. 

The formula of interpolation, on which the Committee hare 
rested, is as follows : 

e=(lX 0.7153 5. 
e is the elasticity, t the temperature, and the pressure of a sin- 
gle atmosphere is taken as the unit. 

This formula represents all the experimental results with 
great accuracy, up to 24 atmospheres. 

. The greatest error to which its application gives rise, is at 
eiglit atmospheres ; it is then nine-tenths of a centigrade de- 
gree. 

As to the temperatures corresponding to pressures beyond 
24 atmospheres, the preceding formula gives them with so much 
the more ease, inasmuch as it has been calculated from the 
highest of the observed pressures. The confidence with which 
it inspires the Committee is such, that they are convinced that 
at 50 atmospheres, the error would not exceed one-tenth of a 
degree (Centigrade.) 

The temperatures for pressures greater than 24 atmospheres, 
have been calculated up to 100 atmospheres, but only for every 
five degrees. 

We give beneath the numbers, extracted from an account of 
ihem presented to the Academy. 
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Titble qf the elastic force of Aqueous Vapour 9 corresponding to 
Pressures of from 1 to 24 Atmospheresj from experiment^ 
and from 24 to 50 Atmospheres^ by calculation. 



ElMtidtjr of 


Comtfomiimg T««p«(a- 
luras !• dMrr««« or lb« 
C*«nrnid» Tli«rinom«t*r. 


Elasticity of 


CuVrctpoadiair Ttmpera- 
turet IB decrees or tbo 
Centirra-le Thermometer. 


'Vapour iaAt- 


Vapour in At- 




musphrrrt. 


1 


laj" 


13 


193.7 i 


u 


112.2 


14 


197.19 1 


2 


121.4 


15 


200.48 


fH 


128.8 


16 


203.6 


3 


135.1 


17 


206.57 


3i 


140.6 


18 


209.4 


4 


145.4 


19 


212.1 


4i 


149.6 


20 


214.7 


5 


153.8 


21 


217.2 


5} 


156.8 


22 


219.6 


6 


160.2 


23 


221.9 


6i 


163.48 


24 


224.2 


7 


166.5 


25 


22a3 


8 


172.1 


30 


236.2 


9 


177.1 


36 


244.85 


10 


181.6 


40 


252.55 


11 


186.03 


45 


S59.52 


12 
•1 


190.00 


50 


265.89 



Note.— [These resulU are entirely different from those given 
on page 34, and from those of all former experimenters. We have 
given them as emanating from the highest and latest authority, 
but we cannot hilp feeling some hesitation in receiving them in 
opposition to the authorities of Daltjn, Robinson, Urc, and 
Watt] 
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ON THE EXPLOSIONS OF STEAM ENGINES. 

BY M. ARAGO. 

Steam Engines may be considered as the highest efforts of 
human industry, so soon as it shall be possible, either to render 
the explosions, that at present sometimes affect them, impossi- 
ble, or at least to prevent, by sure methods, these accidents from 
causing the scenes of destruction and death that too often attend 
them. It must be confessed that this problem has not been 
hitherto completely solved, although it has excited the attention 
of men of science and of the most intelligent artists. The in- 
genious mechanism of Papin known under the name of the 
safety valve, suffices it is true in ordinary cases; but there are 
others, although they are happily rare, in which it is not 
only insufficient but even dangerous. To examine these cases, 
as far at least, as the imperfect state of our knowlodge will 
permit, to point out their causes, and some means, more or less 
plausible to avoid them, such is the object of this chapter. 

I shall first lay before my readers an abridged relation of all 
the explosions which are known to me, and which have had as 
iheir witnesses or historians, experienced engineers. It is in 
such a narration that we shall find the means of appreciating 
the different explanations that have been given of these terrif^-^ 
ing phenomeo^. 



310 APPENDIX NO. II. 



Instances of the greatest effects thai explosions have hitherto 

produced. 

Lochrin is the name of an immense distillery situated near 
Edinburgh. The proprietor in search of economy, resolred 
some years since, to substitute, for the ancient mode of distilla- 
tion, that in which steam is employed. For this purpose large 
metallic tubes in which a current of vapour constantly circula- 
ted, traversed from side to side, the vessels containing liquids 
that were to be boiled. The vapour that heated them was 
generated in a boiler of wrought iron, more than a third of an 
inch in thickness, thirty-seven feet in length, three feet wide at 
bottom, two feet at the spring of the cover, and four feet in 
depth. The whole weight of the boiler was nine tons. On its 
top were two safety valves, so disposed as to open as soon as 
the interior pressure became greater than sixty lbs. per square 
inch. In order that the workmen might not overload the safety 
valves, one of them was contained in a cage kept constantly 
locked. 

The immense establishment commenced work on the 21st 
of March, 1814. Twelve days after, it no longer existed, an 
explosion had wholly ruined it. 

At the instant of the catastrophe, the boiler divided itself into 
two distinct and unequal portions. The upper portion com- 
posed of the cover and two sides, weighed seven tons. It was 
projected upwards with such force, that, after having traversed 
the brick vault that covered the workshop, and the roof, it rose 
in the air to the height of seventy feet. This enormous mass 
fell one hundred and fifty feet from its original position upon 
one of the buildings of the distillery, crushed it, and finish^ . 
its career by crushing to pieces a great vessel of cast-iron, situa- 
ted on the ground floor. 

Luckily there were but two workmen near the apparatus at 
the moment of the explosion. These were the only persons who 
lost their lives, a circumstance the more extraordinary, as the 
other parts of the works were then full of people, and the 
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boiler, like an immense mine, threw in erery direction, with 
prodigious velocity, an immense quantity of tools and frng- 
ments. The body of one of these workmen was divided in two; 
and it was considered as a fact worthy of notice, that the legs 
remained within the distillery, while the bust was found at a 
distance, among the fragments without the distillery. 

The line along which the boiler was rent, was perfectly hori- 
zontal, and followed a row of bolts as regularly as if the iron 
had been cut with shears. 

The form of the boiler was that adopted by Watt. It was 
concave outwards, in the part of its surface nearest to the fire, 
where it formed a species of arch that permitted the flame of the 
furnace to penetrate to the centre of the liquid mass. Afler the 
explosion this part of the vessel was found to be convex^ so 
powerfully had it been pressed outwards. This change of 
shape presented nothing that could not readily be explained ; 
but it appeared hardly credible, if an examination of the place 
had not furnished positive evidence, that the bottom of the 
boiler weighing two tons, and showing such evident proofs of 
having sustained an enormous pressure downwards, had not- 
withstanding been raised by the explosion to a height of 14 or 
15 feet, and been carried to some distance from the mass of 
masonry on which it had at first been built. 

It is important to remark, that there was no circumstance 
that would authorize the opinion, that thp accident at Lochrin 
arose from a bad construction of the safety valves. I have 
already said that one of them was locked up : we must there- 
fore in like manner reject all idea of an overload. 

Second instance characterized by the simultaneous explosion of 

several boilers. 

The Steam-boat Rhone, built by Messrs. Aitken and Steel 
was intended to act as a tow-boat between Aries and Lyons. 
It carried an immense machine, perfectly well executed at 
Paria, in the workshops of La Gare, and was supplied with 
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fteam bj four boilers of iron plate, each 1. 3 meters* in diame* 
ter. Since the explosion it was ascertained that the plate in 

• 

several places was not more than 6 millimetersf in thickness. 

On the fourth of March 1827, while preparing for an experi- 
ment, at which all the magistrates of the city of Lyons were 
to be present, an explosion took place. Many persons, and 
among the rest Mr. Steel, fell victims to this accident. Even 
some of the spectators, on the Quay of the Rhone, were killed 
by fragments of the timber of the boat The whole deck was 
projected to a vast distance. The flues and chimnies weigh- 
ing more than 30 cwt. rose almost vertically to a considerable 
height. The vault of one of the boilers, fell at a distance of 
more than 800 feet, although it weighed at least a ton. 

This horrible catastrophe was the inevitable consequence of 
the imprudence of the engineer. Vexed at not being able to 
overcome the rapidity of the current, as completely as he had 
hoped, Mr. Steel fastened down the safety valves of all the four 
boilers. This fact, however increditable it may appear, has 
been proved in the most incontestible manner. 

We have remarked, that there were four boilers in the boat 
It is certain that two of them burst almost simultaneously. If 
I am well informed, it was found on drawing the third of the 
boilers from the Rhone, into which it had fallen, that it had 
burst also. This rupture in the same second of three different 
boilers, is a very singular fact, which we shall have to take into 
account, when we speak of the explanations that have been 
given of these phenomena. 

We must not forget to state, that at Lyons, as at Lochrin, the 
vault, which the explosion threw to the distance of more than 
800 feet, was separated from the rest of the boiler by a rent 
nearly horizontal, although the metal had inequalities in thick- 
ness, along this line, of more than a twelfth of an inch. Mr. 
Tabareau, from whom I obtained these precious details, has 
4»lculated that this difference in thickness would have given the 

* 4 feet 4^ inches. t About a quarter of an inch. 
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thicker portions of the vessel an excess of stren^h of more 
than six atmospheres, out of twenty or twenty-five, which wi^s 
their whole cohesive force. Thus there was a simultaneously 
rupture, in portions of the boiler whose tenacities dififered from 
each other, at least six atmospheres. 

I have just remarked, that the simultaneous explosion of 
several boilers, placed upon difierent furnaces, was a fact worthy 
of attention. It may therefore be useful to cite a second ex- 
ample. 

At the entrance of the tin mine of Polgooth, there is an im- 
mense steam engine supplied by three separate boilers. This 
machine having been stopped for a few moments, in order to' 
allow the engineer time to repair the forcing pump that drained 
the mine, two of the boilers burst, one immediately after the 
other. Captain Reed, who was at the moment near the mine, 
reports that the first explosion had hardly ceased when the 
second took place. . 

Explosions occasioned by overloading the safety valve. 

After the explosion, which completely destroyed the Sugar- 
refinery in Well close Square, London, it was ascertained that 
the cast-iron of which the boiler was formed, was not suffi- 
ciently thick throughout. At bottom it was found not less than 
two and a half inches in thickness ; to* the two sides an inch 
and a half, in the lower part of the dome not more than seven 
sixteenths of an inch, and in some other places, the thickness 
was reduced to an eight of an inch. 

Some seconds before the accident, an agent of the maker, 
vexed at the feeble action of the engine, had, in spite of the 
remonstrances of the refiners, charged the safety valve with an 
enormous weight, while he, at the same time, pushed the fire as 
much as possible. 

It was remarked that at London as well as at Lyi»ns, the j^-; 
boiler broke at the same moment, in parts that had such unequal 

■ 

thicknesses, that it might be supposed, that the thickest part 
would have required ten times the force to break it, that would 
li^ve sufficed to rend the thinnest. ^ 

40 '^ 
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During the examination instituted by the House of Com- 
mons on the occasion of the explosion of a steam-boat at 
Norwich, Mr. William Chapman, a civil Engineer of Newcas- 
tle, cited the explosion of a boiler, which, like the preceding, 
was caused by overloading the safety valve ; but on this occa- 
sion at least, the self-love of the maker, had no concern in the 
catastrophe ; for it was occasioned by a workmen who seated 
himself on the safety valve, in order to give his comrades the 
spectacle of the oscillating motion, that he would undergo, as he 
■aid, so soon as the vapour should become strong enough to 
lift him. Thus it happened as may easily be imagined, that 
the valve did not open, but the boiler burst The fragments 
killed and wounded a great number of persons. 

In America, a steam-boat on the Ohio was blown up, while 
the crew were engaged in weighing anchor ; that is to say, at a 
moment when the machine was not in motion, and there was no 
consumption of steam, although the fire had already attained 
its full force. 

To raise or unload the safety valve is the means of avoiding 
accidents in this case ; but by an inexplicable inadvertency, the 
engineer on the contrary loaded it with an additional weight. 

Explosions preceded by a great weakening' in the tension of the 

vapour. 

In all the cases of explosion, hitherto cited, (that of Lochrin 
excepted) it has been stated, that the safety valve was either 
wholly shut, or loaded with too great a weight. The cause of 
the giving way of the boiler therefore seems evident. We are 
now about to enter into the examination of a series of facts 
far less simple. Several of them, indeed, I frankly avow have a 
paradoxical appearance, which at first sight inspires doubt. But 
the instances are numerous, and the authorities unquestionable. 

Some seconds before the cast-iron boiler, containing steam 
of a mean pressure, exploded at Essone in the Cotton-mill of 
Mr. Feray, the machine supplied by it was working more 
slowly than usual, and the difference was such as to cause com- 
plaints on the part of the workmen. When the explosion was 
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about taking place, the safety valves opened, and vapour escaped 
from them in abundance. 

An accident, similar to that at Essone, took place some time 
aflterwards on the Boulevard Mont Parnasse, at Paris. Here, 
as with Mr. Feray, the workmen murmured, because the slow 
motion of the machine diminished their daily quantity of work, 
when all at once the boiler, that they supposed to be almost 
void of steam, burst. This boiler was of sheet copper. There 
was no evidence that the safety valve was in a bad state, and on 
the other hand there is a good reason to suppose, that an 
abundant escape of steam preceded the explosion. 

At the time of the explosion of the steam-boat Etna, at New- 
York, the machine only made eighteen strokes per minute. 
In its usual state of working the number was twenty ; thus then 
the boiler gave way under the action of steam certainly less 
elastic than it was usually customary to carry.* 

The day of the explosion of the Rapid, at Rochefort, the 
guage had often indicated an elasticity in the steam of more 
than eleven inches of mercury above the usual pressure of the 
atmosphere. Some seconds before the explosion, the guage 
had fallen to less than six inches of mercury. 

It has resulted from the examination to which the explosion 
of the steam-boat Graham gave rise, that at the instant the 
accident happened, a weight of twenty lbs. had just been taken 
off the safety valve. 

Explosions immediately preceded by the opening of the safety 

valve. 

I shall first recall to my readers that the explosion of the 
boiler at Essone, might have been classed in this paragraph, for 
the safety valve opened just at the time of explosion. 

A boiler constructed to produce low pressure steam, exploded 
in the midst of a manufactory, immediately after a large dis- 

* Recent inquiries have'shown us that one of the three cylindrical boil- 
ers of the Etna, had its communication with the supply-pump cut off, for 
several hours before the explosion ; hence there was a larger space intensely 
heated and filled with the steam generated in the other two boilers. 
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diarging cock had been opened, through wUch the rapour 
began to escape with rapidity. To open a stop cock, or raise 
the safety valve is evidently one and the same thing ; the explo- 
sion in this case, therefore, was determined by an operation 
that it would seem ought to have prevented it. 

This fact, however strange it may appear, must be received 
with the utmost confidence, when I state that I received it from 
Mr. Gensoul, of Lyons, and that in addition, this able engineer 
was an eye witness of it. If, in an extreme case, such as that 
I have just mentioned, the opening of a valve may bring on the 
bursting of the boiler, it must frequently happen that such an 
opening, without occasioning an accident may, notwithstanding, 
give rise (o a sensible and sudden increase in the elastic force 
of the vapour. The phenomenon, within such limits may be 
studied without danger. I am aware that the experiment baa 
been made at Lyons, and that in a little high pressure boiler, as 
toon as a discharging cock was opened, the safety valve rose 
jalso. Mr. Dulong and myself, have on the Other hand always 
observed that a diminution of tension accompanies the opening 
of the valves. But I do not on that account regard the experi- 
ment made at Lyons as less certain, since it has for witnesses 
M. Tabareau, Director of the School of La Martiniere, and M. 
Rey, Professor of Chemistry. The probable causes t>f the tfis- 
'Crepancy in these experiments, which I shall point out here^ 
after, will show in what manner the particular species of acci- 
dents that are connected with it, may be prevented. 

Collapsion of Boilers. 

Boilers made of sheet copper or wrought iron, and those in 
particular that work with low-pressure steam, suffer under cer- 
tain circumstances from accidents precisely the reverse of those 
we have hitherto spoken of. 

These boilers occasionally collapse completely, their sides be- 
ing suddenly bent or crushed inwards. The cities of Lyons and 
St. Etienne, have recently been the theatres of several accidents 
tOf this kind, against which it is necessary to be protected, were 
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Chere no oiher object than to prevent cotiBiderable mannfactories 
from being suddenly reduced to a state of inactivity. 

The lesser cylinders that in some cases form internal fire- 
places and flues, also collapse occasionally. Their sides being 
unable, under certain circumstances, to resist the pressure con- 
tained in the circular space that surrounds them, give way and 
flatten suddenly. And as this cannot take place unless the 
metal gives way in some part, the boiling water spreads in tor- 
rents through the adjacent apartments, and often produces 
serious accidents. Mr. John Taylor, F.R.S., has furnished 
the following instance of this kind of accident.* 

At Mold-Mines in Flintshire, there is a large steam engine 
driven by three boilers, with internal furnaces. On a certain 
day, the machine had been stopped for about Ave minutes ; the 
fireman had already shut the doors of all the three furnaces, 
closed the dampers of two of the chimnies, and was in the act 
of closing that of the third ; but hardly had the metallic plate 
reached its place when he saw a gust of flame dart from the 
fire-place, and an explosion followed instantly. Two work- 
men who were unfortunately in the direction in which the 
boiling water was projected, were instantly killed. 

A close examination of the boiler showed, that the outer 
cylinder had neither moved from its place nor sustained any 
damage. Even the weight suspended to the lever of the safety 
valve, wasjstill in its place after the accident. Neither had the 
less cylinder been moved from its place, but was so flattened 
by the crushing of its sides, that the hand could not be intro- 
duced between the plates. 

It might at first sight be considered strange that I should 

place a crushing of a flue caused by excess of steam by the side 

. of accidents of a contrary character ; but it will be soon seen 

that these two difierent eflects have in all likelihood the same 

origin. 

* The explosion of the United States, which has just taken place upon 
Long Island Sound, (September 15, 1830,) appears to belong to this class. 
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Aeeidents peculiar to Bailers with intenar furnaces. 

A little reflectiofi on the numerons causes that may brin^ 
about the explosion of a boiler, and on the rarious combinations 
of which they are susceptible, will show that is hardly possible 
to obtain invariable rules in respect to them. It may, however, 
be remarked as a general law, that the figure of the boiler is 
the preponderating cause, and that it is upon it that the species 
of bursting that takes place, most frequently depends. It is in 
this point of view, that detailed and complete accounts of the 
accidents that daily happen, would be of great use. We may 
now assert, in consequence of the valuable investigations pub- 
lished by Mr. Taylor, thatin boil ers with interior furnaces or 
flues passing through them, the surface of the inner cylinders 
must be considered as the weakest part. 

After the almost simultaneous explosion of two boilers at the 
tin-mine of Polgooth, it was found, that the inner cylinders of 
both boilers were twisted upon themselves, and torn in a great 
number, of places. 

At the mine of East-Erennis, the inner cylinder was not only 
flattened, by the approach of its upper and lower surfaces, but 
had even been thrown out of the building with great force, 
while the outer cylinder had not been moved from its place or 
sustained any important injury. We have already mentioned 
another example still more remarkable, of the complete change 
of shape and breaking of the less cylinder, while the outer one 
remained unaffected. 

Note. — To this list of Arago's may be added the recent fatal 
explosions of the Helen M'Gregor on the Ohio, and the Chief 
Justice Marshall on the Hudson. Both of these took place at 
the instant of setting the engine in motion, and in the latter, the 
safety valve \vas open, and the steam escaping freely by it. 

Arago adheres to the explanation of Perkins given by us on 
page 95, and points out no new means of prevention besides 
those already recommended in Chap. IH. We have not, in con- 
sequence, considered it necessary to translate the residue of his 
paper ; we may, however, quote his high authority in support 
of the views expressed in that chapter. 
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Bordeaux tu Pouillac, 
Bordeaux to Longou, 
Bordeaux to Longon, 
Bordeaux lo Loagon, 
Bordeaux to Longoo, 
Stnnega], .... 
Sennegal, .... 
Senuegal, .... 

Rhone 

Bordeaux loMarmande 
Bordeaux to Royan, 
[ Bordeaux (o Longon, 



I Roiuy enginti, hai not bsen luecnBHil. » High Piommi. 

^ 3 Go'emmnnl Tow- Boat. 

* Tow-Boala belonglDg \o the Fti'ntli Gon-mmeni. » Tofr-Bo 

NofE.— Aa ha* boan iminaled in Iha bodyof lh» work, a list of Amen 
puhlidied u a inpplBrniinL ThOBB on Iho Mlasiaeippi and i 



12 i 

16 1 
20 ^ 



It to upward! of fiire hundred. 
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Table of the Dimensions of English Double-Acting Condensing 
Engines. 
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APPENDIX No. VI, 



Table of the Dimensions of Jlmerican High Pressure Engines. 



Nominal 

Hortc 

Power. 


Diameter 
of piston 
in inches. 


Lcnirth 

•troke in 

feet. 


Noiaber 
'of stroke* 
per minute. 


Yelooitv 

of piston 

In feet. 


6 


7 


a 


40 


160 


8 


8 


a* 


38 


190 


12 


9 


3 


35 


210 


14 
16 


9i 
10 


3i 
3i 


32| 
32| 


224 
224 


20 


11 


4 


30 


240 



The estimated horse power of the Engines given in the two 
foregoing tables, falls short considerably of what they would be 
rated at according to the rule on page 138. It would approach 
more nearly to the result given by using 44000 for a divisor, 
instead of 33000, but does not exactly coincide with it. In 
truth, no rule can be given that is of universal application, for 
the friction will vary with the size and proportions of the en- 
gines. It is only in the larger class of condensing engines that 
the effective pressure amounts to that at which it has been as- 
sumed on page 138, say 10 lbs. per inch ; but in one recently 
tested in Cornwall of 80 inches in diameter, the effective pres- 
sure has been found as high as 10.15 lbs per inch. 

The above tables are, however, useful, inasmuch as engines 
are rather classed by their size, than by the actual work they 
perform ; thus the engines of the North- America that have been 
stated to be capable of exerting a power of 186 horses each, 
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and which working at an ordinary speed, have been estimated 
at 98 horse powers, would, according to the estimate of Eng- 
li«h engineers, be rated at no more than 60 horses each, and in 
comparing her performance with those of European steam- 
boats, the latter is the number that should be made the object 
of the comparison. 
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